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1.0 INTRODUCTION

This Remedial Investigation (R1) report has been prepared by Engineering
Management Support Inc. (EMSI) on behalf of Cotter Corporation (N.S.L.), Bridgeton
Landfilt, LLC (formerly known as Laidlaw Waste Systems {Bridgeton], Inc.), Rock Road
Industries, Inc., and the United Sates Department of Energy (the “Respondents™). The RI
Report has been prepared as part of the Remedial Investigation/Feasibility Study (RI/FS)
for Operable Unit (QU) -1 at the West Lake Landfill located in Bridgeton, Missouri.
QU-1 addresses conditions associated with two areas of radiological impacted materials
present at the West Lake Landfill, Radiological Area 1 {Area 1) and Radiological Area 2
(Area 2). Investigations and evaluations of the occurrences of non-radioactive
constituents in other parts of the landfill are being performed by Bridgeton Landfill, LL.C
under a separate operable unit (OU-2) RI/FS.

The Rl report for QU-1 at the West Lake Landfill has been prepared in
accordance with the requirements of Administrative Order on Consent {AOC) between
the U.S. Environmental Protection Agency (EPA) and the Respondents for OU-1,
Specifically, this report presents the information required by Section 4.4.3 of the
Remedial Investigation/ Feasibility Study (RI/FS) Statement of Work (SOW) to the
AQOC.

1.1 Purpose and Scope of the Remedial Investigation Report

The purpose of the RI report 1s to present the results of the various site
characterization activities. As required by Section 4.4.3 of the SOW of the AOC, the Rl
report should summarize the results of the field activities conducted 1o characterize 1he
following:

e Conditions at the site;

¢ The sources of contaminants;

e The nature and extent of contaminants and associated impacts; and
o The fate and transport of the contaminants.

Each of these requirements 1s addressed in later sections of this report.

1.2 Report Organization

The remainder of this report 1s organized as follows:

Rl Report
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e Section 2 presents a summary of previous investigations;

e Section 3 presents a general description of the West Lake Landfill, its location
and the characteristics of surface and subsurface features at the landfill;

¢ Section 4 describes the various investigations performed as part of the Remedial
Investigation;

e Section 5 describes the physical characteristics of the West Lake Landfill;

¢ Section 6 describes the nature, occurrence and distribution of the sources of
contamtnation associated with OU-1 including affected media, location, tvpes of
contamination, physical state of contaminants, contaminant concentrations and
quantity of contaminants and affected media;

s Section 7 presents an evaluation of the fate and transport of the radiological
contaminants including potential migration pathways and a description of the
extent of migration, if any, along each pathway;

e Section 8 presents a summary of the non-radiological contaminants detected in
Radiological Areas 1 and 2 and the vanous environmental media in the vicinity of
these areas;

e Section 9 presents a summary of the results of the Baseline Risk Assessment
which is included as Appendix A 1o the RI report;

o Section 10 presents a summary of the site conditions, a revised conceptual model
of the occurrence of radiologically impacted materials and potential pathways
through which radionuclides could migrate from Areas 1 and 2, and the estimated
risks associated with occurrences of radionuciides onsite and potential offsite
migration.

o Section 11 lists the various refererices used in completing this report.
The appendices that have been prepared as part of the Rl report include the following:
Appendix A: Baseline Risk Assessment (prepared by Auxier & Associates)

Appendix B: Summary of soil sample radiological and non-radiological
analytical results

Appendix C: Summary of groundwater sample radiological and non-radiological
analyucal results
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Appendix D: Summary of surface water samples radiological and non-
radiological analytical results

Appendix E: Summary of sediment sample radiological and non-radiological
analytical results
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. 2.0 SUMMARY OF PREVIOUS INVESTIGATIONS

Numerous reports on the conditions at the West Lake Landfill have previously
been prepared. These include the following:

* Pre-Rl reports,

¢« (OU-1 RI/FS Work Plan and related documents,

* Investigation reports prepared as part of the OU-1 RI/FS,

e Work plan documents and site characterization reports prepared for QU-2,
» Reports prepared as part of the landfill development and operations, and

s Invesugative reports assoctated wirh the buffer zone and Crossroad properties
(formerly referred to as the Ford property) located immediately to the northwest
of Area 2.

The specific reporis that have previously been prepared and that were considered during
the preparation of this Rl are listed below.

2.1 Pre-RI Reports

The following reports were prepared prior to the initiation of the RI/FS activities
for OU-1:

¢ Report of Site Visit - West Lake Landfill, St. Louis County, Missouri {Radiation
Management Corporation, 1981)

» Radiological Survey of the West Lake Landfill, St. Louis County, Missouri
(Radiation Management Corporation, [982)

» Radioactive Material in the West LLake Landfill, Summary Report (U.S. Nuclear
Regulatory Agency, 1988)

¢ Letter from Rodney Bloese to Joseph Homsy re: West Lake Landfill CERCLA
dated December 12, 1989, (Foth & Van Dyke, 1989) (contains information on
local water wells)

¢ Prelimmary Health Assessmemt. West Lake Land{ill, Bridgeton, St. Louts County,
Missouni (Missoun Department of Health, 1991)

RI Report
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2.2 Operable Unit-1 RI/FS Work Plans

The following planning documents were previously prepared as part of the RI/FS
for OU-1:

o RI/FS Work Plan for the West Lake Sile, Bndgeton, Missouri, August 15,
1994 (McLaren/Han, 1994),

¢ Amended Sampling and Analysis Plan, West Lake Landfill Operable Unit [,
February 29, 1997 (EMSI, 1997a),

e Responses to EPA’s Comments on the Amended Sampling and Analysis Plan
for Operable Unit 1, West Lake Landfill (EMSI, 1997e), and

¢ Draft Investigation Derived Waste Management and Interim Remedial
Measures Plan, West Lake Landfill Operable Unit 1, September 1997 (EMSI,
1997d).

The RI/FS Work Plan was approved by EPA in September 1994 (EPA, 1994).
The ASAP, although not formally approved, was submitted to EPA for review and
comment and EPA’s comments (EPA, 1997a and 1997b) and appropriate responses or
modifications to the draft ASAP were provided to EPA (EMSI, 1997¢). EPA
subsequently provided verbal authorization to proceed with the ASAP activities. EPA
provided comments on the Draft Investigation Derived Waste Management and Interim
Remedial Measures Plan and responses to those comments and necessary modifications
to the draft plan are still under development.

In addition, minor modifications to some of these plans were made and approved
by EPA and/or their oversight contractor during the course of the field investigations.
Many of these changes were documented in ietters prepared by McLaren/Hart. Some of
these changes were formally approved in letters from EPA. Where appropriate, these
specific letters are referenced as part of the discussions of the vanous investigative
activities contained in Section 4 of this RI report.

2.3 Operable Unit-1 Investigative Reports

The following investigative documents were previously prepared as part of the
RI/FS for QU-1:

e QOverland Gamma Survey Report, West Lake Landfill Radiological Areas 1 &
2, April 30, 1996 {McLaren/Hart, 1996a);

RJ Report
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Site Reconnaissance Report. West Lake Landfill Radiological Areas | & 2,
May 16, 1996 (McLaren/Hart, 1996b),

Threatened or Endangered Species Assessment Report, West Lake Landfill
Radiological Areas 1 & 2, May 17, 1996 (McLaren/Hart, 1996¢);

Radon Gas, Landfill Gas and Fugitive Dust Report, West Lake Landfill Areas
1 & 2, November 22, 1996 (McLaren/Har, 1996d);

Rainwater Runoff, Erosional Sediment, Surface Water, and Leachate
Sampling Data Report, West Lake Landfill Areas 1 & 2, November 22, 1996
(McLaren/Hart, 1996¢),

Split Soil and Groundwauter Sampling Data Summary Report, West Lake
Landfill Areas | & 2, November 22, 1996 (McLaren/Hart, 1996f);

Groundwater Conditions Report, West Lake Landfill Areas 1 & 2, November
26, 1996 (McLaren/Hart, 1996y},

Soil Boring/Surface Soil Investigation Report, West Lake Landfill Areas ! &
2, November 26, 1996 (McLaren/Hart, 1996h),

Interim Investigation Results Technical Memorandum, West Lake Land[ill
Operable Unit 1, January 28, 1997 (EMSI, 1997a),

Site Characterization Summary Report, West Lake Landfill Operable Unit |,
August 1997 (EMSI, 1997¢),

2.4 Operable Unit-2 Plans and Reports

The following investigative documents were previously prepared as part of the
RI/FS for QU-2:

RI Repon

Remedial Investigation/Feasibility Study Work Plan (Golder Associates,
1995a)

Draft Hydrogeological Charactenization Report for the Bridgeton Active
Sanitary Landfill, Bridgeton. Missouri, September 1995 (Golder Associates,

1995b)
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¢ Physical Charactenzation Technical Memorandum for the West Lake Landfill
Operable Unit 2, Bnidgeton, Missouri, November 1996 (Golder Associates,
1996a)

e West Lake Landfill, Operable Unit 2 RI/FS, Site Characterization Summary
Repont, December 1997 (Water Management Consultants, 1997)

2.5 Landfill Reports

The following reports were prepared in support of the ongoing landfill operations at
the West Lake Landfill:

e Environmental Investigation and Health Impact Assessment, Bridgeton
Sanitary Landfill, October 1993 (Golder Associates, 1993)

e Radiological Survey of West Lake Landfill Bridgeton, Missour, June 4, 1996
(Golder Associates, 1996b)

2.6 Ford Property Reports

In addition to the studies of the Ford property (now the buffer zone and Crossroad
property) discussed in the OU-1 investigative reports, the following reports have been
prepared specifically for the Ford property located to the northwest and adjacent to
Radiological Area 2:

e Phase [I Investigation Report (Dames & Moore, 1990)

e Phase [l Radiological Site Assessment, Earth City Industnial Park (Dames &
Moore, 1991)

All of the above reports were reviewed during the preparation of this document.
Information, data and interpretations from each report were incorporated as applicable. It
should be noted that the discussion of the nature and extent of contamination presented in
Sections 6 and 7 of this report is based prnimarily upon the data and results obtained as
part of the OU-1 field investigations and laboratory analyses. Chemical and radiological
results obtained as part of other investigations of the landfill, principally the pre-RI
investigations and the QU-2 investigations, were evaluated and considered as part of the
assessment of the nature and extent of contamination associated with Areas 1 and 2 for
OU-1. These non OU-1 data were used to assess the representativeness of the QU-1
results. However, the non-OU-1 data generally were not tabulated or integrated into the
statistical or other evaluations of the OU-1 data that form the principal basis for the
evaluation of the nature and extent of contamination for QU-1.
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3.0 SITE BACKGROUND

This section presents a brief description of the West Lake Landfill including its
location, an overview of past and current landfill operations, and a discussion of activities
occurring adjacent to the landfill.

3.1 Landfill Description and Location

The West Lake Landfill is located within the western portion of the St. Louis
metropolitan area on the east side of the Missouri River. The landfilt is situated
approximately one mile north of the intersection of Interstate 70 and Interstate 270 within
the city limits of the City of Bridgeton in northwestern St. Louis County.

The West Lake Landfill is an approximately 200-acre parcel containing multiple
facilities. The primary facility, the Bridgeton Landfill (formerly known as the Laidlaw
Landfill and before that as the West Lake Landfill) has an address of 13570 St. Charles
Rock Road, St. Louis County, Missouri (Figure 3-2). St. Charles Rock Road (State
Highway 180) borders the landfill on the north. Taussig Road and agricuhtural land le to
the southeast of the landfill. Old St. Charles Rock Road, along with undeveloped fand,
borders the southern and western portions of the landfill (Figure 3-2).

The West Lake Landfill includes an active solid waste landfill, an inactive
demolition landfill, and an inactive sanitary landfiil. In addition, inciuded within the
boundaries of the site as defined in the OU-2 Work Plan, are concrete and asphalt batch
plants, an automobile repair shop and a former telephone switching station although these
operations are not the subject of the RI/FS. Current surface ownership of the landfill
property in the vicinity of Areas 1 and 2 1s depicted on Figure 3-3.

A 6-foot high chain-link fence with a 3-strand barbed wire canopy encloses the
entire landfill. The main access gate is located on the northeastern perimeter off of St.
Charles Rock Road. An additional gate is located on the southwestern penimeter to
provide access to the borrow area located across Old St. Charles Rock Road. A third gate
provides access to the automobile repair shop.

The Earth City industrial park lies to the west and adjacent to the West Lake
Landfill across Old St. Charles Rock Road. Previously undeveloped property now or
formerly owned by Ford Financial Services Group (Ford property) lies immediately to
the northwest of the fandfill (Figures 3-2 and 3-3). Property to the north of the landfill,
across St. Charles Rock Road, is moderately developed with commercial, retail and
manufacturing operations. Zoning for the landfill and surrounding area is depicted on
Figure 3-4.
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A deed restriction was recorded in May 1997 against the entire landfill area
prohibiting residential use and groundwater use. An additional deed restriction was
recorded in January 1998 restricting construction of buildings and underground utilities
and pipes within Areas | and 2. These deed restrictions cannot be terminated without the
writlen approval of the current owners, MDNR and EPA.

3.2 Summary of Landfill Operations

The West Lake Landfill is comprised of approximately 200 acres. Limestone was
quarnied from the landfill area from 1939 to [988. Beginning in the early 1950s or
perhaps the late 1940s, portions of the quarried areas and adjacent areas were used for
landfilling municipal refuse, industrial solid wastes and construction demolition debris.

It has been aileged, but never substantiated, that liquid wastes were also placed n the
landfill. These activities were not subject to State permitting, and the portion of the
landfill where these activities occurred has been termed the “unregulated landfill”. In
1974, a State landfill permit was obtained and landfilling began in the portion of the
property described below as the North Quarry Pit. Landfilling continued in this area until
1985 when the landfill underwent expansion to the southeast in the area described betow
as the South Quarry Pit. Landfil] activitics conducted in 1974 and afterwards within the
guarry area were subject 1o a permit from the Missouri Department of Natural Resources
{MDNR) and hence this area is referred to as the “regulated landfill”.

The landfiil can be divided into the following six distinct areas (Figure 3-5):

¢ Radiological Area | within and adjacent to the North Quarry Pit inactive
sanitary landfill

» Radiological Area 2 within the inactive demolition landfill

e Inactive demolition landfill (excluding Area 2)

¢ Inactive samitary landfill

o North Quarry Pit inactive sanitary landfill (excluding Area 1), and

e South Quarry Pit landfill (the active sanitary landfill).

These six areas are briefly discussed below. There also is a surface wa;er
retention pond, abandoned leachate lagoons and an active leachate retention pond

assocliated with the sanitary landfill operations. The focus of OU-1 is Radiological Areas
| and 2 and the nearby Ford property which is adjacent to Area 2 (Figure 3-6).
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3.2.1 Radiological Area 1

Radiological Area | is located immediately 1o the southeast of the land{ill
entrance. This area was part of the unregulated landfill operations conducted up through
1974. Based on the drilling logs obtained as part of the RI/FS investigations for OU-1,
the waste materials within Area 1 consist of municipal refuse {(sanitary wastes) with an
average thickness of approximately 36 feel.

Area | consists of approximately 10 acres that may have been impacted by
radiological materials (Fig 3-5). There is an asphalt entrance road and parking area
located on the northwestern border of Area 1 near the landfill office building. The
remaining portions of Area | are mainly covered with grass. An underground diesel tank
1s located beneath the asphalt-paved area in the westemn portion of Area 1. The tank is no
longer in use but has not been removed because il is within the boundaries of Area t.

3.2.2 Radiological Area 2

Radiological Area 2 is located in the northwestern part of the landfill. This area
was also part of the unregulated landfill operations conducted up through 1974, Based on
the drilling logs obtained as part of the RI/FS investigations for QU-1, the waste
materials within Area 2 consist of construction and demolition debris and municipal
refuse with an average thickness of approximately 30 feet.

Area 2 consists of approximately 30 acres that may have been impacted by
radiological matenals (Fig 3-5). Large portions of this area are covered with grasses,
native bushes and trees while other portions are unvegetated and covered with soil,
gravel. concrete rubble and miscellaneous debris consisting of concrete pipe, metal and
automobile parts, discarded building materials, and other non-perishable materials.
Scattered throughout Area 2 are a number of small depressions, some of which seasonally
contain ponded water and phreatophytes such as cattails. The northern and western
portions of Area 2 are bounded by the landfill berm, the slopes of which are covered with
a dense growth of trees, vines and bushes.

3.2.3 Inactive Landfill Operations

In addition to Radiological Areas |1 and 2, an inactive demolition landfi]} and an
inactive sanitary landfill area are located in the north central part of the landfill property.
The inactive demolition landfill is located on the southeast side of Radiological Area 2,
between Area 2 and the landfill entrance road. The inactive sanitary landfill is [ocated to
the southwest of the mactive demolition landfill. As with the landfill operations
conducted in Areas | and 2, the operations performed in these areas were also part of the
unregulated landfill operations conducted up through 1974, Wastes disposed of in these
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areas are believed to consist of sanitary wastes, a variety of other solid wastes and
demolition wastes.

3.2.4  Current Active Landfill Operations

The north quarry pit and the south quarry pit are associated with current
landfilling operations. Landfilling activities conducted in these areas are subject to a
permit issued by MDNR in 1974. Exlensive information is available regarding the
operations conducted and the nature and configuration of the waste materials disposed of
in these areas (McLarer/Hart, 1994). Disposal activities at the north quarry pit were
previously completed and this area is currently inactive. Disposal activities are currently
being conducted at the south quarry pit.

3.3 Activities Adjacent To The Landfill

The property located to the west of Area 2 (the buffer zone and Crossroad
properties formerly referred to as the Ford property) was recently developed as an
industrial park. The subdivision plat for the Crossroad property, known as Crossroads
Industrial Park, currently reflects a 1.785-acre buffer created adjacent to the Area 2 siope.
The buffer zone includes the area of radiologically impacted surface soils as identified in
the “Phase III Radiological Assessment” performed by Dames & Moore for Ford
Financial Services Group (Ford) in 1991. The boundary of the current buffer zone is
shown on Figure 3-6. The Respondents and Ford are currently engaged in discussions
that would result in transfer of the buffer zone ownership to one or more of the
Respondents.
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4.0 SITE INVESTIGATION ACTIVITIES

This section of the RI report describes and summarizes the results of the various
site investigation activities performed in comjunction with the development of the RI/FS
for OU-1. More detaited descriptions of the RI field investigations can be found in the
vanous reports listed in Section 2 of this document and referenced in the following
discussions. Table 4-1 presents a summary of the various investigative activities and the
associaled reports prepared by McLaren/Hart or EMSI.

4.1 Site Reconnaissance

McLaren/Hart completed a site reconnaissance to identify site features that may
have changed since preparation of the Work Plan and to identify site conditions that may
affect the remedial investigations and ultimately the development of remedial
allernatives. McLaren/Hart prepared a report titled Site Reconnaissance Report - Wesl
Lake Landfill Radiological Areas 1 & 2 dated May 16, 1996 (McLaren/Hart, 1996 b),
which was previously submitted to EPA.

4.1.1 Summary of Methods and Procedures Used

The site reconnaissance was completed on October 18, 1994, prior to the start of
any of the sampling activities. Activities completed as part of the site reconnaissance
included the following:

e Identification of any changed conditions that would affect the completion of the
field activities;

o Identification of any planned or new residential or commercial construction;

o Examination of the soil cover and adjacent slopes in Areas | and 2 for evidence of
potential hazardous chemicals;

e Evaluation of runoff and sedimentation pattems in and around Areas | and 2;

e Evaluation and selection of potential staff gauge locations and surface water
sampling points;

¢ Inspection of all existing monitoring wells and evaluation of their suitability for
waler level measurements and groundwater sampling; and

« Inspection of the site for evidence of habitat for threatened or endangered species.
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A more detailed description of the specific activities completed as part of the site
reconnaissance effort as well as the methods used can be found in the Site
Reconnaissance Report - West Lake Landfill Radiological Areas 1 & 2 dated May 16,
1996 (McLaren/Hart, 1996b).

4.1.2 Deviations from Work Plan

The RI/FS Work Plan did not specifically address procedures for site
reconnaissance; therefore, no deviations from the Work Plan exist.

4.1.3 Summary of Results

Results of the site reconnaissance effort were previously presented in the Site
Reconnaissance Report - West Lake Landfill Radiological Areas | & 2 dated May 16,
1996 (McLaren/Hart, 1996 b). A general summary of results of the site reconnaissance
effort and the conclusions reached by Mclaren/Hart are as follows:

e No changed conditions were identified by McLaren/Hart,

s No planned or new residential or commercial construction was identified by
McLaren/Hart at the time the site reconnaissance was conducted (It should be
noted that although not anticipated in 1994 at the time of McLaren/Hart’s site
reconnaissance, substantial new commercial building construction has occurred to
the south and west of the landfill in the last twelve to eighteen months);

¢ No evidence of potential hazardous chemicals in Areas | and 2 was identified by
McLaren/Hart,

¢ McLaren/Hart identified four locations from which runoff from Area I occurs.
This runoff flows into the perimeter drainage ditch and ultimately into a closed
topographic depression (the North Surface Water Body) near the northem portion
of Area 2 (Figure 4-1),

e McLaren/Hart identified five locations from which runoff from Area 2 occurs.
This runoff flows either to the North Surface Water Body, onto the Ford Property
farmers field or out along the access road to Area 2 in the vicinity of the
demolition landfill and the roll-off bin storage area;

o McLaren/Hart identified potential locations for the staff gauges and surface water
sampling points within the North Surface Water Body and the flood control
channel located along the westemn portion of the landfill. These locations were
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presented to EPA in McLaren/Hart's March 30, 1995 letter (McLaren/Harnt,
1995b) and were approved by EPA on May 5, 1995 (EPA, 1995a),

e McLaren/Hart inventoried all existing monitoring wells which could be located at
the landfill, noted those wells with problems such as crushed or broken casings,
re-surveyed the well locations and collar elevations, re-developed the existing
wells and evaluated the suitability of the existing wells for use in water level
measurements and groundwater sampling;

» McLaren/Hart located a number of cased soil borings used by Radiation
Management Corporation during its investigations conducted in 1981; and

* McLaren/Hart performed an inspection of the landfill area for evidence of
threatened or endangered species habitat (discussed below).

A more detailed description of the results of the site reconnaissance effort can be
found in the Site Reconnaissance Report - West Lake Landftl] Radiological Areas | & 2
dated May 16, 1996 (McLaren/Hart, 1996 b).

4.1.4 Data Quality Issues

McLaren/Hart identified no data quality issues in its report. EMSI] also did not
identify any data quality issues associated with the site reconnaissance effort.

4.1.5 Quistanding Issues or ltems

McLaren/Hart did not identify any outstanding issues in its report for this activity.
EMSI also did not identify any outstanding issues during our review of this activily.

4.2 Threatened or Endangered Species Assessment

McLaren/Hart completed an assessment of the potential for the presence of
threatened or endangered species occurrences at the landfill. The purpose of this
assessment was to identify and characterize the dominant plant communities and to assess
the site for the presence of threatened or endangered species.
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. 4.2.1 Summary of Methods and Procedures Used

The methods used by McLaren/Hart to complete this investigation included the
following:

e Qualitative identification of dominant plant communiues in Areas | and 2;

e Submission of a written request to the U.S. Fish and Wildlife Survey to
investigate whether any listed or proposed species have been determined to be
present in the area of the landfill; and

e Completion of a detailed field survey to investigate whether the Western Fox
Snake, a Missourn State-listed endangered species, was present at the site.

A more detailed description of the specific activities completed as part of the
threatened or endangered spectes assessment as well as the methods used can be found in
the Threatened or Endangered Species Assessment Report - West Lake Landfill
Radiological Areas 1 & 2 dated May 17, 1996 (McLaren/Hart, 1996c¢).

4.2.2 Deviations from Work Plan

. The RI/FS Work Plan did not specifically address procedures for the Threatened
and Endangered Assessment; therefore, no deviations from the Work Plan exist.

4.2.3  Summary of Results

Following the completion of the threatened or endangered species assessment,
McLaren/Hart concluded that:

¢ Four dominant plant communities exist at the landfill, including a forested
community, an old field community, a maintained field community, and a wetland
type vegetated community (plant species that may be found in wetlands);

¢ Six small isolated areas in Area | (Figure 4-2) and ten small 1solated areas in Area
2 (Figure 4-3) contain plant species that may be found in wetlands (wetland type
vegetated community). These areas were located in small surface depressions in
the surface of the landfill and are an artifact of landfill construction and settlement
and the placement of perimeter berms which obstruct surface water flow, restrict
off site flow of rainwater runoff, and lead to water ponding on the landfill surface
cover;
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o Given that the small isolated depressions within Areas | and 2 are generally less
than one-tenth of an acre in size (actual size varies from 0.01 to 0.36 acres), they
do not contain water except afier a rainwaler event, they do not appear capable of
functioning together as a wetland complex and they are artifacts of landfill
construction and subsequent subsidence, McLaren/Hart concluded that no further
assessment of these areas was necessary or appropriate to determine whether any
of these areas exhibit other necessary characteristics of a wetland; and

s Review of the US Fish & Wildlife Service and Missouri Department of
Conservation databases along with the results of the field inspection did not
indicate that any threatened or endangered species (including the Western Fox
Snake) were present in the vicinity of the landfill; therefore, no further assessment
activities were necessary.

A more detailed description of the results of the threatened or endangered species
assessment can be found in the Threatened or Endangered Species Assessment Report -
West Lake Landfill Radiological Areas 1 & 2 dated May 17, 1996 (McLaren/Har,
1996¢).

424 Data Quality Issues

McLaren/Hart identified no data quality issues in its report. EMSI also did not
identify any data quality issues associated with the threalened or endangered species
assessment.

4.2.5 Outstanding Issues or ltems

McLaren/Hart identified no outsianding issues in its report nor were any
identified by EMSI during our review of this activity.

4.3 Overland Gamma Survey

The purpose of the overland gamma survey was to delineate the approximate areal
extent of Radiological Areas 1 and 2 and to identify areas of elevated gamma readings
(“radiologically affected areas™) for investigation during subsequent field activities.
Information from the overland gamima survey was subsequently used in finalizing the
locations of those soil borings and monitoring well installations that would be located in
radiologically affected areas. McLaren/Hart prepared a report for this aclivity titled
Overland Gamma Survey Reporl - West Lake Landfill Radiological Areas 1 & 2 dated
April 30, 1996 (McLaren/Hart. 1996a).
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4.3.1 Summary of Methods and Procedures Used

The overland gamma survey was completed by collecting near-continuous
readings on an approximately 30 foot transect spacing. Readings were collected using a
2-inch by 2-inch sodium iodide detector. Measurements were also taken at eight
potential background locations. The resulting data (56,736 readings) were evaluated and
computer-processed by MclLaren/Hart to depict the areal distributions of the resultant
gamma readings based upon different assumed background levels.

4.3.2 Dewviations from Work Plan

The main deviation from the RI/FS Work Plan was the change in the samptling
density resulting from implementation of a near continuous readout procedure used for
the overland gamma survey. Measurements were obtained at approximately every 1 to 2
seconds at a walking speed of approximately 2 feet per second as opposed to the
collection of discrete measurement points proposed in the Work Plan. As a result, the
sampling grid utilized during the field work changed from an approximate 30 by 30-foot
grid to a | to 4-foot by 30-foot grid. Use of the continuous readout system also increased
the number of measurement points from approximately 5,000 to over 50,000
measurements. EPA’s oversight contractor approved this change in the field prior to
onset of the field work.

[n addition to the change in grid spacing, the following deviations to the overland
gamma survey were also implemented after approval by EPA or its oversight contractor:

e The number of background sampling locations was increased from twe to eight
sites; and

» A hand-held Geiger Mueller counter was used to initially locate areas of elevated
gamma readings.

4.3.3 Summary of Results

The results of the overland gamma survey are described in detail in the Overland
Gamma Survey Report - West Lake Landfill Radiological Areas | & 2 (Mclaren Hart,
1996a). Significant findings reached by McLaren/Hart include the following:

¢ Evaluation and comparison of the results from the eight background locations
indicated a wide range of background values;
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e A single “site specific” background value could not be derived because of the
wide varation in background values. McLaren/Hart suggested a range between

10 and 20 micro-Rems per hour (R/hr);

e The size of the areas defined. as two times background is dependent upon the
assumed background value. McLaren/Hart prepared five different figures
depicting the areas with gamma readings twice the background level based upon
background values of 10, 12.5, 15, 17.5 and 20 puR/hr (Figures 4-4 through 4-8);

o McLaren/Hart concluded that the 17.5 and 20 pR/hr values are the most
representative of background conditions based upon the generally known
locations of the radiological materials at the landfill; and

» Based upon the overland gamma survey, McLaren/Hart identified locations to
advance soil borings to collect vertical profiles of the radiologically impacted
materials.

4.3.4 Data Quality Issues

McLaren/Hart identified no data quality issues in its report. EMSI also did not
identify any data quality issues during review of this activity,

4.3.5 OQutsianding {ssues or ltems

McLaren/Hart identified no outstanding issues in its report. EMSI did not
identify any data quality issues dunng our review of this activity. If used alone without
the use of other site data, the inabilily to derive a single background number could resutt
in uncertainties in deriving representative matenal volumes during the preparation of the
FS. However, when the overland gamma results are used in conjunction with the results
of the soil boring, down-hole gamma logging and sotl sampling and analysis results, it is
EMSI’s opinion that representative and generally reliable estimates of the approximate
volumes of impacted materials can be developed. These estimates are presented in
Section 6 of this RI report.

[t should be noted that the Overland Gamma Survey by itself may not completely define
the areal extent of radiologically impacted areas. Information obtained from the
Overland Gamma Survey should be used in conjunction with other information such as
sot] sample analyses and downhole gamma log results to assess areas potentially
impacted by radonuclides.
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4.4 Surface and Subsurface Soil and Perched Water Investigations

This section describes the surface and subsurface soil investigation activities
including surface geophysical investigations, landfill gas surveys, borchole drilling, soil
sampie collection and chemical analyses, down-hole gamma logging, soil boring
abandonment, and geotechnical sampling and testing. Also included in this section is a
discussion of occurrences and sampling of perched water encountered during the soil-
boring program.

4.4.1 Purpose and Scope of Investigation

The surface and subsurface soil and perched water investigation activities were
completed to characterize the distribution and extent of radioactive and hazardous non-
radioactive constituents within the landfill mass, including the various cover soils and
potential perched water occurrences in Areas | and 2. McLaren/Hart completed or
supervised all imitial field activities and prepared a summary report titled Soil
Boring/Surface Soil Investigation Report (McLaren/Hart, 1996h).

McLaren/Hart’s investigation of the landfill soils and perched water included the
following:

e Pre-screening of each soil boring location within the landfill for potential large
metal obstacles and methane concentrations;

¢ Drilling of 20 borings in Area 1 and 40 borings in Area 2, including pre-drilling
of all planned monitonng wells to be completed through areas underlain by
Jandfill refuse. In addition, five hand borings were drilled and sampled in a
closed topographic depression within Area 2;

e (Collection of soil samples from ail of the soil borings, generally at five-foot depth
intervals, and performance of radiological and chemical analyses on selected soil

samples from the various soil borings;

¢ Collection of samples from four background locations potentially representative
of daily cover materials and performance of radiological and chemical analyses;

» Down-hole radiclogical logging of all of the newly drilled soil borings and of all
existing monitoring wells and cased soil borings remaining from the prior site
investigation (RMC, 1982) that could be located,

* Collection of selected perched waler samples encountered during the soil boring
activities; and
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+ Collection and laboratory testing for selected geotechnical properties of four soil
samples obtained from the landfill slope at the northern edge of Area 2 above the

former Ford Property.

Supplemental surface and subsurface soil investigation activitics were conducted
by EMSI as requested by EPA 1o assess the lateral extent of constituents in the
southwestern portion of Area 1 and to further evaluate the lateral extent of surface and
near subsurface constituents on the Ford Property. The supplemental activities were
described in a letter 10 EPA (EMSI, 1997¢), which responded to EPA’s comments on the
ASAP (EPA, 1997b), and included the following:

¢ Drilling of four borings in the southwestern portion of Area 1. The locations
for these borings were developed using the same methodology as was used for
selecting the random boring locations for the previous field investigation.
Additional grids were added in the southwest comner of the of the existing grid
system for Area 1. Surface samples were collected at each boring location and
downhole geophysical logging was performed in each borehole. As elevaled
gamma levels were not encountered during the geophysical logging, no
subsurface samples were collected. Radiological analyses were performed on
the surface soil samples and the boring locations were surveyed.

» Additional surface and near surface samples were collected at eight locations
on the Ford property. Surface samples were collected at a depth interval
between € to 3 inches below ground surface (bgs) at each location. A hand
auger was also advanced at each location and samples were collected from the
hand auger boring at depth intervals of 3 to 6 inches, 6 to 12 inches, 1 10 2 feel.
2103 feet, 310 4 feet, and 4 to 5 feet bys. The surface sampie and the sample
from 1 to 2 feet from each location were analyzed for radionuclides. As the
results of these analyses along with the results of the previous analyses
performed by McLaren/Hart indicated that vertical extent of radionuclide
occurrences did not extend below a depth of approximately six inches, the
samples collected at the other depths were not analyzed.

4.4.2 Summary of Methods and Procedures Used

The methods and procedures used included: surface geophysical surveying;
land{ill vapor sample collection and field analysis; auger and mud rotary drilling and soil
boring advancement; soil sample collection, chemical analysis of soil samples; perched
water sample collection and chemical analysis; down-hole radiological logging; and soil-
boring abandonment. Summary information on each activity is provided below. Detailed
descriptions of each field activity and laboratory analysis conducted by McLaren/Hart are
contained in the Soil Boning/Surface Soil Investigation Report (McLaren/Hart, 1996 h).
Detailed descniptions of the supplemental field and laboratory activities conducted by
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EMSI can be found in the [etter from EMSI to EPA dated Apnl 29, 1997 (EMSI, 1997¢)
and the Site Characterization Summary Report (SCSR) for OU-1 (EMSI, 1997¢).

4.4.2.1 Surface Geophysical and Landfill Vapor Surveys

Surface geophysical surveying consisted of completing a non-intrusive total
magnetic surface survey at each planned boring location within Areas | and 2 as
proposed in the RI/FS Work Plan. The objective was to identify the spot within 30 feet
of each proposed location within Areas 1 and 2 with the lowest potential for buried
ferromagnetic debris. Final borings were then advanced at the selected locations.
Geotechnology of St. Louis, Missouri using a GEM GSM-19 magnetometer/gradiometer,
completed the surface geophysical survey.

Soil vapor samples were collected at depths of 5 and 10 feet at each proposed
boring location in Areas | and 2 and analyzed for methane gas to determine the potential
hazard posed by possible landfill gases at each proposed bonng location. This activity
and associated methodology was first described in the RI/FS Work Plan and the
associated Sampling and Analysis Plan. GEO Environmental Testing under the
supervision of McLaren/Hart completed the work. Further details related to the surface
geophysical and landfill vapor surveys are presented in the Soil Boning/Surface Soil
Investigation Report (McLaren/Hart, 1996h) and the Radon Gas, Landfill Gas and
Fugitive Dust Report (McLaren/Hart, 1996d).

4.4.2.2 Soil Boring Drilling

The EPA approved RI/FS Work Plan cailed for a total of 50 soil borings to be
drilled as part of the OU-1 field investigation. These fifty borings included 18 borings in
Area | and 32 borings in Area 2. As part of the evaluation of the Overland Gamma
Survey results (McLaren/Hart, 1996a), McLaren/Hart proposed minor modifications in
the soil boring locations resulting in a total of 18 borings in Area | and 33 borings in
Area 2 for a total of 51 soil bonings. EPA subsequently approved these boring locations
in its letter dated July 21, 1995 (EPA, 1995b).

A total of 20 soil boring locations were ultimately drilled by McLaren/Hart in
Area | and 40 soil boring locations plus five hand-auger borings were drilled in Area 2
(Figure 4-9). These borings include two additional borings in Area 1 and seven
additional borings in Area 2 beyond the number proposed in the Overland Gamma
Survey report and subsequently approved by EPA. The additional borings were the result
of encountering shallow perched water within the body of the landfill debris. To avoid
creating a conduit for leachate migration, any boring that encountered perched water was
abandoned prior to reaching total depth and a new boring was drlled outside of the area
of perched water. In addition, at several locations, multiple borings were drilled due to
encountering auger refusal at shallow depths within the landfill or to loss of the boring
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due to caving of the borehole walls or flowing sands encountered in the alluvial materials
beneath the landfill deposits.

During the field investigation, 52 borings were actually drilled at or near the 51
tocations proposed in the Overland Gamma Survey Report (McLaren/Hart, 1996a) as
approved by EPA. An additional boring, WL-203, was drilled adjacent to boring WL-204
located on the Ford property. This additional boring was dnlled as part of the pre-drilling
of monitoring wells and as a result of occurrences of caving sands in alluvial matenals
encountered in boring WL-204 that prevented completion of boring WL-204 to the full
depth originally intended.

The locations of six of the Area 2 borings, WL-212, WL-216, WL-217, WL-234,
WL-235 and WL-236 were moved a significant distance (50 to 200 fect) during the field
investigation. Boring WL-212 was moved approximately 50 feet to the southeast in
response 1o field conditions. Boring WL-216 was originally located outside of Area 2
and was re-located to be within the boundary of Area 2. Boring WL-217, scheduled for
installation of a momitoring well, was also oniginally located outside of the boundaries of
Area 2. WL-217 was subsequently relocated to within the boundaries of Area 2. The
remaining three of these borings (WL-234, WL-235 and WL-236) were moved back
away from the edge of slope in the southwestern portion of the landfill for safely reasons.

In addition to the 51 soil boring locations proposed in the Overland Gamma
Survey Report (McLaren/Hart, 1996a) and additional boring WL-205, two contingent
borings (WL-118 and WL-119) were dritled in Area | and six additional soil borings
were drilled in Area 2 (WL-228, WL-229, WL-237, WL-238, WL-240 and WL-241}.
The majority of these additional borings (WL-118 and 119 and WL-237, 238, 240, and
241) were drilled in response to the discovery of perched water in other borings. Two of
these borings {WL-228 and 229) were drilled in conjunction with the installation of
momtoring wells, the locations of which were re-located in response to field conditions
necessitating acquisition of subsurface information at the new locations of these wells.
As aresult, a total of 60 soil borings were drilled as part of the QU-1 Rl field
investigations.

In addition to the eight contingent soil borings, five additional hand-auger borings
were advanced to depths of one to two fect in and around the closed topographic
depression and the northern landfill berm in the northeastern portion of Area 2. These
five hand-auger borings were recommended in the Overland Gamma Survey Report
(McLaren/Hart, 1996a).

Three different drilling methods were utilized during the soil boring activities.
Borings in areas underlain by landfill debns were advanced to the bedrock contact using
a 24-inch diameter truck mounted auger. Borings in areas not expected to be underlain
by landfill debris (i.e. the Ford property) were advanced with a hollow-stem auger drill
rig. Contingency soil borings located in the closed topographic depression in the
northem portion of Area 2 were manually advanced with a hand-auger. All of the dnli
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rig advanced soil borings were drilled using the procedures proposed in the RI/FS Work
Plan.

Organic vapor, explosive gas and radiological measurements were obtained in the
field during the advancement of each soil boring using a photo-ionization detector (PID),
an oxygen/combustible gas indicator, and a Geiger/Mueller instrument, respectively.
Field measurements were generally made at 5-foot intervals during drilling and when
visual changes in the drill cuttings were observed.

Detailed lithologic logs were prepared for each machine-advanced boring. The
lithologic logs include descriptions of the soil and bedrock materials encountered and
classification based on the Unified Soil Classification System. The soil boring logs along
with additional details regarding the drilling procedures are presented in McLaren/Hart’s
Sotl Boring/Surface Sotl Investigation Report (McLaren/Hart, 1996a).

EMSI advanced an additional four soil borings on May 13 and May 14, 1997
according to the procedures contained in the approved ASAP. All four borings were
advanced using hollow-stem auger until alluvial matenals were encountered. Each
boring was then logged using gamma-gamma and natural gamma tools. Soil samples
were collected at the surface and submitted for radiological analysis. Subsurface samples
were not submitted because neither clearly identifiable soil layers nor elevated downhole
gamma readings were encountered in any of these four borings.

As part of the ASAP activities, eight hand-auger borings were drilled by EMSI to
depths of 5-feet on the Ford property. Samples were obtained from these hand-auger
borings from depth intervals of O to 3 inches, 3 to 6 inches, 6 to12 inches, 1 to 2 feet, 2 to
3 feet, 3 to 4 feet, and 4 10 § feel below ground surface.

4.4.2.3 Soil Sample Collection and Chemical Analyses

Soil samples were collected from all of the soil borings. Surface samples were
collected from 15 of the soil borings, five in Area 1 and ten in Area 2, as required by the
RI/FS Work Plan. In addition, surface samples were collected from the five hand-auger
borings. Surface soil samples obtained from the machine-drilled borings were collected
from the upper two inches of soil material, except for those samples collected for volatile
organic compound (VOC) analyses which, due to volatilization potential, were obtained
from a depth of 18 to 24 inches below ground surface. Subsurface samples were
collected at 5-foot intervals from the large-diameter (24-inch) and hollow-stem auger
borings. Samples were collected directly from the tip of the large-diameter auger or with
split-spoon samplers in the case of the hollow-stem augers. Samples from the hand-auger
borings in the closed topographic depression in the northem portion of Area 2 were
obtained using a split-spoon sampler from the surface to a depth of two feet. All samples
were placed in sealed plastic bags and labeled with the sample number and other
identifying information immediately upon sample collection.
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. Soil samples were also collected from four background locations in accordance
with McLaren/Hart’s letter of September 12, 1995 (McLaren/Hart, 1995¢) as approved
by EPA in thewr letter of September 21, 1995 {EPA, 1995d). The four locations from
which background samples were obtained ncluded:

o Loess material present in the borrow pit area;

e Shale material present in the landfill soil borrow pit area (Note: This shale was
incorrectly by McLaren/Hart and referred to in the McLaren/Hart reports as the
Ladonda Shale. There 1s no Ladonda Shale present in Missoun but there is a
Lagonda Formation which contains shale; however, this formation is much higher
stratigraphically and therefore not present at the Site. The shale material present
in the landfill soil borrow pit from which McLaren/Hart obtained its sample is
actually part of the Cheltenham Formation);

¢ The westem, non-impacted portion of the Ford property farmers field; and

¢ From an area adjacent to the McLaren/Hart shop located across St. Charles Rock
Road from the landfill.

Background samples were collected from depths of six to twelve inches using a trowel.

. In accordance with the requirements of the RI/FS Work Plan, two samples per
boring were selected for radionuclide analysis. All fifteen of the surface soil samples
were analyzed for radionuchides. Subsurface samples were selected based on the results
of the down-hole radiological logging described below. Specifically, the subsurface
sample obtained from the depth interval nearest to the depth of the gamma log peak was
generally submitied for radiological analyses. Samples selected for radiological analyses
were transferred from the labeled plastic bags to appropriate glass containers and
recorded on the chain of custody form.

Quanterra Environmental Services (Quanterra} performed all radiological
analyses in their St. Louis, Missouri laboratory. In addition, ten split-samples were
independently analyzed by Accu-Labs Research (Accu-Labs) in their Golden, Colorado
laboratory. The specific split samples were selected after review of the initial soil
analyses performed by Quanterra. A detailed discussion of the split sampling activities
and results is presented in the Split Soil and Groundwater Sampling Data Report - West
Lake Landfill Areas | & 2 (McLaren/Hart, 1996f).

Radiological analyses of the soil samples were performed using National
Academy of Sciences (NAS) or EPA methodologies as prescribed by the RI/FS Work
Plan and associated Sampling and Analysis and Quality Assurance Plans. Appendix B of
this RI contains a summary of the results of the radiological analyses of soil samples.
. Copies of the analytical laboratory reports for the soii samples were inciuded in the Soil
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Boring/Surface Soil Investigation Report {McLaren/Hart, 1996h). Quanterra also
performed duplicate radiological analyses on 10% of the soil samples. With the
exception of some minor differences discussed below in Section 4.4.3 of this report, soil
sampling and analysis activities were conducted in accordance with the protocois
described in the RI/FS Work Plan and the assoctated Sampling and Analysis and Quality
Assurance Plans.

In addition to the radiological analyses, selected soil sampies were also analyzed
for organic and trace metal priority pollutants and other chemical parameters. Surface
soil samples for priority pollutant analyses were collected from fifteen of the soil borings.
As previously discussed, surface sotl samples were generally collected from a depth of
two inches except for samples for VOC and SVOC analyses which were collected from a
depth of 18 to 24 inches due to the potential for volatilization. Results of both the
radiological and non-radiological analyses of the soil samples are presented in Appendix
B.

In addition to the 15 surface samples collected for prionty pollutant analyses,
selected subsurface soil samples were also obtained for priority pollutant analyses. In
general, subsurface samples for priority pollutant analyses were obtained at the bottom of
selected borings in the lower portion of the landfill debris, generally at the same depth as
the lowermost radiological sample collected in each boring. Based on visual
observations, soil samples were also collected from other depths in some of the borings
for priority pollutant analyses. In the event of collection of a contingent soil sample
based on visual or other observations, a second sampie was collected for priority
pollutant analysis from a depth interval below the depth that triggered collection of the
contingency samptle. In total, 25 subsurface soil samples plus three duplicate samples
were submitted for organic priority pollutant analyses and 19 subsurface samples plus
three duplicates were submitted for inorganic {trace metal) priority pollutant analyses.

Priority pollutant analyses were performed by MBT Laboratory, Rancho Cordova,
California (MBT) in accordance with standard EPA methods for soil samples as
described in the RI/FS Work Plan and the associated Sampling and Analysis and Quality
Assurance Plans. Duplicate analyses were performed on 10% of the soil samples and
maltrix spike and matrix spike duplicate analyses were obtained from 5% of the samples.
Duplicate and spike samples were randomly selected prior to the start of the drilling
program. As agreed to by EPA, split sample analyses for priority pollutants were not
conducted using the soil samples as the decision to obtain spiit samples was made after
the holding times for most of the analyses had been exceeded.

Surface samples were collected from each of the four May 1997 ASAP boring
locations, These samples along with one duplicate were submitted to Quanterra
Laboratories for analyses for the radionuclides analyzed by McLaren/Hart during the RI
field program. Surface samples (0 to 3 inch depths) and samples from the [ to 2 foot
depth intervals obtained from the hand-auger bonngs drilled by EMSI on the Ford
property were also submitted to Quanterra for radiological analyses.
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4.4.2.4 Perched Waler Sample Collection and Analyses

Perched water was encountered at shallow depths within the landftll debnis in
eight of the 60 soil borings. Perched water was encountered during the drilling of two of
the 20 borings in Area | (WL-108 and WL-116) and in six of the 40 borings in Area 2
(WL-208, WL-209, WL-210, WL-214, WL-226, WL-227 and WL-230). Perched water
was encountered at depths of 12 feet in WL-108 and at 8 feet in WL-116. Perched water
was encountered at depths of 6 feet in WL-215 and at 4.5 feet in WL-240 in the
northeastern portion of Area 2 and at 12 feet in WL-217 in the south-central portion of
Area 2. Perched water was also encountered at a depths of 21 and 23 feet respectively in
borings WL-219 and WL-220 in the southwestern portion of Area 2 and at a depth of
31.5 feet in boring WL-231 in the northern portion of Area 2.

Based on the depths that the perched water was encountered and the proximity of
the vanous boreholes in which the perched water was encountered, McLaren/Hart
{1996e) identified five distinct bodies of perched water in the landfill, one in Area | and
four in Area 2 (Figure 4-10). Overall, the presence of perched water appeared to be very
limited and isolated in nature.

When perched water was encountered, the soil boring was terminated at a depth
of approximately five feet below the depth at which the perched water was encountered.
Perched water samples were then collected from four of the open borings (WL-108, WL-
219, WL-220, and WL-231) using a disposable bailer or a decontaminated 5-gallon
bucket attached to the bottom of the Kelly bar of the drill ng. After collection of the
perched water sample, the boring was then abandened and a new boring was drilled
outside of the presumed extent of the perched water.

The EPA approved RI/FS Work Plan called for collection of perched water
samples but no specific requirements were established for analytical testing. The four
perched water samples were analyzed for radionuclides and three of these samples were
analyzed for priority pollutant organic and trace metal parameters and leachate indicator
parameters {biological oxygen demand, chemical oxygen demand, pH. total dissolved
solids, total organic carbon, chlorides, nitnte, nitrate, ammonia, total phosphorous, and
sulfide). Radiological analyses were performed by Quanterra and priority poliutant
analyses were performed by MBT in accordance with the standard methods and
procedures for water samples described in the RI/FS Work Plan and the associated
Sampling and Analysis and Quality Assurance Plans.

One of the perched water samples (from WL-108) obtained from the perched
water body in Area 1 was submitted for radiological and chemical analyses. Another
sample was collected (WL-231) from a small body of perched water located in the
northermmost portion of Area 2 just south of the north surface water body. This sample
was also submitted for chemical and radiological analyses.
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. By far the largest body of perched water identified by McLaren/Hart was located
in the westernmost portion of Area 2. Two samples of this perched water (from WL-219
and WL-220) were submitted for radiological analyses and one sample (WL-219) was
submitted for chemical analyses. In addition, this body of perched water was also
interpreted by McLaren/Hart to be the source of the landfill seep located near the
northern end of the westerm boundary of the landfill. A sample of this seep was also
collected and submitted for radiological and chemical analyses. The results of the
analyses of this seep sample are presented in the Rainwater Runoff Report
(McLaren/Hart, 1996e).

Two other small bodies of perched groundwater were encountered in Area 2 (WL-
215 and WL-240, and WL-215) near the center of the landfill. Samples were not
oblained from these areas. These perched waters occur as small, isolated bodies located
near the center of the landfill and therefore are not directly subject to potential off-site
discharge. In addition, no underlying groundwater impacts were detected in nearby
monitoring wells D-13 or S-10, I-11 and D-12. Therefore, the lack of chemical and
radiological analyses from these two small perched water bodies does not impact the
RI/FS objectives or the completion of the RI/FS.

4.4.2.5 Down-Hole Radiological Logging

. Down-hole radiological logging was performed at the completion of each soil
boring and pre-drilled monitoring well location. All accessible cased soil borings and
monitoring wells from the earlier RMC investigation (RMC, 1982) identified in Areas |
and 2 were also logged.

McLaren/Hart used a Mount Sopris MGX digital logger and a combination
Stratigraphic Gamma/Electric Probe instrument to perform the logging. All logging
activities were completed according to the protocols presented in the RI/FS Work Plan
with the minor exceptions noted below. Detailed information regarding the downhole
radiological logging of the soil borings is presented in McLaren/Hart’s Soil
Boring/Surface Soil Investigation Report (McLaren/Hart, 1996h).

EMSI also used a Mount Sopnis MGX digital logger and a combination Stratigraphic
Gamma/Electric Probe instrument to perform the logging of the four borings dnilled as

part of the ASAP implementation. All logging activities were completed according to the
protocols presented in the RI/FS Work Plan with the minor exceptions noted below.

4.4.2.6 Soil Boring Abandonment

Upon completion of the drilling and sampling activities conducted by

. MeLaren/Hart, all of the sotl bortngs, except for those used for construction of
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monitoring wells, were abandoned. Boring abandonment followed the procedures
presented in the EPA approved RI/FS Work Plan except for a change in the composition
of the grout mix used to abandon the large diameter borings (McLaren/Hart, 1995d). The
Missouri Department of Natural Resources approved this change and granted a variance
(MDNR, 1995} in advance of the implementation of this revised procedure. Afler back
filling, all of the soil boring locations were surveyed for location. Exceptions inctuded
WL-110 that was obstructed by equipment at the time the survey was performed and the
hand auger borings, which were drilled afier the surveying activities had been completed.

All four of the borings advanced by EMSI were also abandoned using the
procedures presenled in the EPA approved RI/FS Work Plan.

4.4.2.7 Geotechmcal Sampling and Testing

The RI/FS Work Plan, specifically the Sampling and Analysis Plan (SAP),
required that a geotechnical investigation be conducted to evaluate the stability of the
slope (berm) on the north side of Area 2. This area was subjected to significant erosion
loss (referred to in the AGC SOW and RI'FS Work Plan as a “slope failure™). This
erosional loss occurred prior to 1987 and may have resulted in transport of soil, some of
which potentially contained radionuclides, from Area 2 down onto the adjacent Ford
property to the edge of an area utilized for farming.

The SAP required collection of a minimum of four samples using a hand-held
sampler from the face of the slope and also from one boring drilled at the top of the
landfill or aitematively a surface sample from a location outward from the toe of the
slope. The SAP also required field mapping to profile the slope at several locations and
visual evaluation of any portions of the slope that have been exposed due to sloughing or
erosional scour. The soil samples obtained through this effort were to be tested for
moisture content and direct shear strength to evaluate the strength characterisuics of the
soil cover and Lhe soils contained within the landfill.

McLaren/Hart drilled soil boring WL-208 at the top of the landfill and boring
WL-206 at the base of the landfill slope in this area. Soil samples were obtained from
these borings and submitted for chemical and radiological analyses but samples from
these borings were not submitted for geotechnical testing. Four surficial soil samples
were obtained from the slope area in the vicinity of weir 5 and tested for moisture content
and three of the samples were tested for bulk density and dry density (the fourth sample
was considered to be disturbed). Only one of these samples was tested for direct shear
strength. Shannon & Wilson Inc. at their St. Louis, Missouri laboratory, performed all of
the geotechnical tests. McLaren/Hart also attempted to perform a visual inspection of the
landfill slope but dense vegetation along the slope prevented meaningful inspection.
Although McLaren/Hart performed the geotechnical testing, the results of this
nvestigation were not included in any of the McLaren/Hart data reports. Therefore, a
copy of Shannon & Wilson'’s report was included as Attachment A to the IIR Technical
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Memorandum (EMSI, 1997b). The results of this testing were also discussed in the Site
Characterization Summary Report (EMSI, 1997¢).

The geotechnical dala developed by McLaren/Hart were not sufficient to perform
a slope stabilily analysis of this area. Based on discussions with EPA, it was decided that
rather than perform additional field work to address the stability of this slope, the
Respondents would agree to regrading of this slope, through either excavation or
placement of additional fiil materials, as part of any remedy that may be selected for OU-
1. Regrading of this slope 1o a lower angle obviated the need for additional investigative
and testing activities. This approach was accepted and agreed to by EPA.

4.4.3 Deviations from Work Plan

McLaren/Hart or EMSI noted the following deviations from the approved RI/FS
Work Plan:

¢ Samples of perched water were collected from the open hole with a bailer or
bucket rather than with a Hydropunch™ as prescribed by the RI/FS Work Plan;

o The size of the sodium iodide detector used for the downhole logging was 3-15/16
inches by 1-1/8 inches rather than the 3/8 inch by 3/8 inch as proposed in the
RI/FS Work Plan;

e McLaren/Hart did not state in the report if a collimeter was used as proposed in
the RI/FS Work Plan;

¢ McLaren/Hart used a photo-multiplier tube in the down-hole radiological survey.
This tool was not included in the RI/FS Work Plan; and

e Geotechnical testing was not performed on a sample obtained from the boring at
the top of the landfill slope or from the surface at the toe of the landfill slope and
only one of the four surface samples from the landfill slope were subjected to
direct shear testing. (Please note prior discussion describing modifications to the
approach for evaluation of the landfill slope as agreed to by EPA).

The RI/FS Work Plan called for collection of samples using a Hydropunch™
sampler of perched groundwater that may be encountered during drilling of the soil
borings. Perched water was encountered during the drilling of some of the soil.borings in
Areas | and 2. Due to the large diameter of the soil borings combined with the need for
large volumes of water for laboratory analyses, samples of perched water were obtained
directly from the boring using a bailer or bucket rather than using a Hydropunch™
sampler. This field change did not affect the quality of the resultant data.
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Although the Work Plan called for use of a 3/8-inch by 3/8-inch sodium 1odide
detector for use in downhole logging of the soil borings, a 3-15/16 inch by 1-1/8 inch
detector was actually utilized in the field. This change did not affect the quality or use of
the resultant downhole geophysical logs.

The Work Plan cailed for the detecior used in the geophysical logging to be
equipped with a collimeter to insure that il was positioned as near to the wall of the soil
boring as possible. Although McLaren/Hart did not state in the soil boring report
whether a collimeter was used. review of the downhole geophysical logs indicates that
the logging was able 10 detect the presence of the radiologically impacted matenials in
most of the bortngs. In addition, McLaren/Hart added a photomultiplier tube 1o the
logging equipment. Addition of this 100l did not adversely effect the resultant downhoele
logging results.

As indicated 1n the Interim Investigation Results Technical Memorandum (EMSI,
1996a) and as discussed above, all of the testing and evaluations associated with
assessing the stability of the landfill slope were not performed as part of the soil
investigation activities. Based upon discussions with EPA, it was decided that the
Respondents would regrade this slope to a lower overall slope angle, either by excavation
or through placement of additional fill matenals, as part of any remedy that may be
selected for OU-1. Regrading of this slope to a lower angle obviated the need for
additional investigative and testing activities. This approach was accepted and agreed to
by EPA.

These deviations either improved or had no effect on the quality of the data
obtained by the soil investigation or on the ability of the investigation to achieve the data
quality objectives for this work.

In addition to the deviations noted above, subsurface soil samples were not
collected by EMSI from the four soil borings drilled by EMSI in May 1997 as part of the
Amended Sampling and Analysis Plan (ASAP). Although collection of subsurface soil
samples for radiological analyses were specified in the ASAP, discrete layers of soil were
not encountered in these borings. In addition, elevated downhole gamima readings were
not detected during the geophysical logging of these bonings. As a result, soil samples
were not obtained and submitted for radiological analyses from these borings. The
purpose of these borings was solely to further define the extent of the radiological
material occurrences in the westem portion of Area 1. Given the lack of elevated
downhole gamma readings in these borings, we have concluded that the radiological
matenal occurrences do not extend to the west or south of boritng WL-105.

4.44 Summary of Results

A large volume of data was generated as a result of the soil boring and sampling
efforts and is presented in the Soil Boring/Surface Soil Investigation Report
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(McLaren/Hart, 1996h) and the SCSR (EMSI, 1997¢). Significant observations with

. respect to site seiting, radiological constituents, non-radiological constituents, and
perched water based upon the data collected are described in the following subsections.
Results of the laboratory analyses of the soil sampies obtained during the Rl are
presented in Appendix B and resulls of the radiological analyses of the samples of
perched water encountered in some of the soil bonings are presented on Table C-17 in
Appendix C.

4.4.4,1 Landfill Setting

McLaren/Hart made the following observations regarding the general site
geologic and hydrogeologic conditions and the nature and configuration of the landfill
debnis:

¢ The thickness of the landfill materials varies from 20 to 56 feet in Area | and
from 11 (o 45 feet in Area 2;

» Loess (silt, clay and fine sand) is believed 1o have been representative of the
materials used to cover the landfill debris in Areas | and 2;

o Isolated occurrences of perched groundwater were found to be present within the
. landfill debris and where present, perched water was found to be of very limited
extent; and

¢ Regional (continuous) groundwater generally occurs in the unconsolidated
alluvial deposits present below the base of the landfill debris.

4.4.4.2 Radiological Constituents

McLaren/Hart made the following general observations regarding the occurrences
of radiological constituents within the landfill debris:

» The background radionuclide levels in this area are generally consistent with
those measured at other sites in the State of Missourt;

¢ Elevated gamma counts (greater than 6,000 counts per minute} were measured in
35 percent of the soil borings in Area 1. Elevated counts were generally
measured at depths ranging from 0 to 11 feet below ground surface (bgs). The
thickness of materials with elevated readings generally varied between 1 and 5
feet; however, a 10.5-foot thickness was measured at one location {WL-105).
Elevated downhole gamma readings were measured at both of the locations (WL-
106 and WL-114/WL-118) that displayed high overland gamma readings during
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the McLaren/Hart overland gamma survey (McLaren/Hart, 1996a). Neither
elevated overland gamma readings, elevated downhole gamma results, nor
elevated radionuclides in soil samples were detected at boring location WL-115
which was drilled in an area previously identified by RMC (1982) as containing
high overland gamma readings.

o Elevated gamma counts were measured in 36 percent of the sotl borings in Area
2. Elevated counts were generally measured at depths ranging from 0 to 16 feet
bgs. The thickness of materials with elevated readings generally varied between |
and 5 feet; however, between 10 and 12 feet of matenals with elevated readings
were measured at two locations (WL-210 and WL-211). Elevated downhole
gamma readings were measured at (wo (WL-209 and WL-210) of the three
locations (WL-208, WL-209 and WL-210) that displayed elevated gamma
readings in McLaren/Hart’s overland gamma survey (McLaren/Hart, 1996a).
Elevated downhole gamma readings were also measured at location WL-234
where elevated overland gamma readings had previously been measured by RMC
(1982); however, the high overland gamma readings detected by RMC were not
detected at this location during the McLaren/Hart overland gamma survey;

¢ At the Ford property, elevated gamma counts were only measured in the surficial
materials and were not found 1o be present in the subsurface soils;

* Soil results greater than reference levels (background plus 5 pCi/g for surface soli
samples — see also the discussion of reference levels presented in Section 6.3 of
this report) were measured in the surface samples at two of the five locations in
Area | (WL-106 and WL-114) (rom which surface samples were obtained for
radionuclide analyses;

¢ Radionuclides were detected in subsurface soil samples above reference levels
(background plus 15 pCi/g for subsurface soil samples — see also the discussion of
reference levels presented in Section 6.3 of this report) obtained from borings
WL-106, WL-114, and WL-118 in Area 1. These were biased borings
specifically located in areas displaying elevated overland gamma readings based
on the McLaren/Hart (1996a) overland gamma survey. Elevated soil results were
also detected subsurface soil samples from boring WL-105 although this boring
location had been selected based upon installation of a monitoring well rather than
on overland gamma survey considerations.

¢ Based upon the radiological data, McLaren/Hart concluded that the zong of
radiological impacts in Area | is generally a thin layer (5-feet thick or less) in the
upper part of the landfill debris,

o The radionuclides in the uranium-238 decay series are at secular equilibrium in
the parts of Area 1 classified by McLaren/Hart as non-impacted zones while
thorium-230 is above secular equilibrium levels in the impacted areas. Uranium-
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23S levels are generally lower and not in secular equilibrium with the other
constituents in this series in the impacted area. The constituents in the thorium-
232 decay series were only detected in three borings located in areas of elevated
gamma readings;

o For all three decay series, the radionuclide levels were generally measured above
reference levels below ground surface in borings WL-206, WL-209, WL-210 and
WL-234 in Area 2, the areas identified by McLaren/Hart as anomalous during the
recent overland gamma survey. Elevated readings were also measured below
current grade in WL-216; a location that McLaren/Hart concludes is associated
with the radiologically affected area encountered in boring WL-210;

» Elevated readings were measured in the surface samples at three of the 15
locations in Area 2 (WL-206, WL-209, and WL-210) from which surface samples
were obtained for radionuclide analyses;

¢ Based upon the radiological data, McLaren/Hart conciuded that the zone of
radiological impact in Area 2 is generally a thin layer (less than 5 feet) in the
upper part of the landfill debris;

¢ The radionuclides in the uranium-238 decay series are at secular equilibrium in
the parts of Area 2 classified by McLaren/Hart as non-impacted zones while
thorium-230 is above secular equilibrium levels in the impacted zone. The
uranium-235 levels are in secular equilibrium with the other constituents in the
uranium-235 decay series in the non-impacted zone while the uranium-235
activity is generally lower and not in equilibrium in the impacted zone. The
constituents of the thonum-232 decay series generally were detected only in
isolated areas.

+ Radiological levels in Area 2 are generally higher than the levels in Area 1; and

o McLaren/Hart reported problems with some of the thorium-230 data. Data
quality issues associated with the throium-230 results are discussed in more detail
in Section 4.4.5 of this report.

Detailed discussions of the radiological occurrences in Areas | and 2 and on the Ford
property are presented in Section 6 of this report.

4.4.4.3 Non-radiological Constituents

The following general observations were made by McLaren/Hart regarding the
occurrences of non-radiological (priority pollutant) constituents within the landfill debris:
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e McLaren/Hart concluded that in Area 1 each of the trace metals are present at
concentrations above the levels found in the background soils in one or more
borings. The levels of trace metals detected in Area 1 soil samples are as

follows:
Background  Range of Values Detected in Area !

Trace Metal Value {myrkg) mg/k
Arsenic 6.35 0.8-220
Beryllium 0.59 <0.25-3.3
Cadmium <0.5 <0.5-7.9
Chromium 12.83 3.1-280
Copper 17.37 1.0-230
Lead 38.42 2.8-900
Mercury <0.1 <0.1-0.17
Nickel 22.02 4.7-3600
Selenium <().25 0.25-250
Zinc 28.2 16-120

The surface sample from boring WL-114 and the S-foot sample from WL-115
contained the highest trace metal concentrations.

o McLaren/Hart also concluded that in Area 2 each of the trace metals are
presenl at concentrations above the background soils levels in one or more
borings. The levels of trace metals detected in Area 2 soils are as foiiows:

Background Range of Values Detected in Area 2
Trace Metal Value (mg/kg) (meg/kg)
Arsenic 6.35 0.7-35
Beryllium 0.59 <0.25-2.2
Cadmium <0.5 <0.5-3.4
Chromium 12.83 2.0-890
Copper 17.37 1.0-360
Lead 38.42 <(.25-2,200
Mercury <0.1 <0.1-0.27
Nickel 22.02 1.3-680
Selenium <(.25 0.25-1.0
Zinc 28.2 <1.0-1,100

+ Bonngs WL-206 (surface), WL-208 (20 feet), WL-209 (surface), and WL-210
(surface) contained the highest trace metal concentrations,

RI Repon

West Lake Landfill OU-1
04/10/00

Page 34



Petroleum hydrocarbons were detected in borings WL-101, WL-106, WL-
114, and WL-115in Area 1. All concentrations were at or below 230 parts

per million (ppm).

Petroleum hydrocarbons were detected in borings WL-206, WL-208, WL-
209, WL-210, WL-213, WL-214, WL-215, WL-218, WL-221, WL-222, WL-
226, WL-227, WL-230, WL-231, WL-235 in Area 2. Gasoline concentrations
varied from 240 1o 2,600 ppm; diesel constituents ranged from 51 to 310 ppm;
and motor o1l constituents ranged from 19 to 3,100 ppm.

Volatile organic compounds {VOCs), other than petroleum hydrocarbon
constituents, were detected at concentrations generally less than 1 ppm in both
Areas | and 2. The VOCs detected included aromatic hydrocarbons and
ketones with isolated occurrences of methylene chloride, a known laboratory

contaminant.

Semi-volatile organic compounds (SVOCs), other than petroleum
hydrocarbon constituents, were detected in both Areas I and 2 at
concentrations generally less than 1 ppm.

Pesticides were generally detected at concentrations less than 0.01 ppm.
PCBs were detected in Area | at concentrations between 0.033 and 2.6 ppm.
PCBs in Area 2 generally varied between 0.017 and 1.6 ppm; however, the
sample from bonng WL-218 contained PCBs at a concentration of 18 ppm.

Based upon the non-radiological data collected, McLaren/Hart concluded that
the presence and distribution of these constituents is limited in extent and
isolated in nature. MclLaren/Hart also stated that no correlation exists between
the occurrences of radiological and non-radiological constituents.

4.4.4.4 Perched Water

McLaren/Hart made the following general observaitons regarding the occurrences

of perched water within the landfill debris:
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The distribution of perched water is of limited extent and the various perched
waters are isolated in nature (Figure 4-10).

Uranium-238 decay series constituents were present in each of the perched
waler samples and the Area 2 seep.

No uranium-235 decay series constituents were detected in the perched water.
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o Thorium-232 decay series constituents were detected in only one (WL-219) of
the perched water samples.

» All detected prionity pollutant metals from the perched water and the Area 2
seep were below their respective maximum contaminant levels (MCLs).

¢ Petroleum hydrocarbons were detected in the perched water samples at
concentrations between 1.3 and 14 ppm. Petroleum hydrocarbons were
detected in the Area 2 seep sample at a concentration of 0.48 ppm.

e Ten halogenated and aromatic VOC compounds were detected in the perched
water samples. Three aromatic VOC compounds were detected in the Area 2

seep.

» Thirteen SVOCs were detected in the perched water sample while only two
SVOCs were detected in the Area 2 seep samples.

» Eight pesticides were detected in the perched water samples and PCBs were
detected in two of the samples. No pesticides or PCBs were detected in the
Area 2 seep sample.

» McLaren/Hart stated that both the perched water and the Area 2 seep sample
exhibited many of the conditions indicative of landfill leachate including: total
dissolved solids concentrations ranging from 2,300 to 6,300 ppm, total
suspended solids ranging from 1,500 to 6,000 ppm, chloride concentrations
ranging from 510 to 1,500 ppm, chemical oxygen demand ranging from 690
to 1,400 ppm, biological oxygen demand ranging from <300 to 460 ppm and
ammonia concentrations ranging from 93 to 220 ppm.

o The thorium-230 data issues for the soil analyses do not exist for the perched
water.

4.4.4.5 Geotechnical Testing

The RI/FS Work Plan required the collection of geotechnical data and an
evaluation of the landfill slope on the north side of Area 2 because of an historic “slope
failure” which was reported to have occurred prior to 1987. Based upon inspection of
this area, review of aerial photographs and reports of individuals present at the-time, the
reported “slope failure™ actually was scouring and erosion associated with runoff
channels located on the face of the landfill berm. This erosional scour resulted in
transport of soil, some of which contained radionuclides, from Area 2 down onto the
adjacent property where it meets the Area 2 slope.
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As part of the site investigations, four surficial soil samples were obtained from
the slope area in the vicinity of weir § and tested for moisture content, three of the
samples were tested for bulk density and dry density and one of the samples was tested
for direct shear strength. These data and the associated evaluations were not presented or
described in any of the McLaren/Hart reports. Results of the geolechnical testing are
summarized on Table 4-2 and copies of the geotechnical laboratory report were included
as Attachment A to the [IR Technical Memorandum {(EMSI, 1997b).

Prior to 1987, a road was located along the northern edge of Area 2 along the
landfill slope. A February 9, 1987 aerial photograph shows that this road did not prevent
overland {low from running down the slope and out onto to the adjacent property near an
area previously used for farming (the “farmer’s field”). It should be noted that the area at
the base of the slope has not been used for farming or any other activity in recent years
although farming activities have been conducted to the north of this area. The slope area
was also sparsely vegetated during this time period.

The current topographic conditions indicate that the historic configuration of the
landfill concentrated the overland flow in a manner that resulted in channeling of
overland flow in this area. The sediments in the area of channeling were mobilized
because of the higher hydraulic energy associated with channelized flow and transported
down the face of the landfill onto the adjacent property. Upon hitting the relatively flat
field, the sediment-laden water lost its energy and deposited the materials onto the
ground. Erosion of the landfill soils was further compounded by a lack of vegetation in
this area at the time of the erosional failure. Vegetative cover typically helps anchor soils
in place and reduce or eliminate soil erosion and transport.

As a result of identification of radiologically impacted soils in the vicinity of the
slope, additional berms were constructed m 1987 at the top of the slope and along the
road to prevent further erosion and transport of Area 2 soils. [n addition, the area has
subsequently become heavily vegetated. These activities have significantly reduced or
eliminated off-site sediment transport. Moreover, the current overland flow possesses far
less energy than the channelized flow conditions that previously existed, greatly reducing
the potential for erosional scour of the slope surface.

Review of the sediment sample analyses obtained from weirs 5, 6 and 7 indicate
that sediments containing radionuclides are being transported at the top and down the
landfill slope in the vicinity of weir 5 and to a lesser degree near weirs 6 and 7.
Numerous soil borings including McLaren/Hart borings WL-201 through WL-206 and
EMSI borings FP-1 through FP-8 have been constructed on the adjacent Ford property, at
the based of the landfill slope. Review of the radiological results from the soil samples
obtained from these borings indicate that only a small isolated area of radiologically
impacted soils is present on the adjacent Ford property. The radionuclide activity levels
detected in the surface and subsurface samples obtained from these soil borings indicate
that soils with elevated radionuclide levels are only present at the surface of the Ford
property and do not extend below the upper 6 to 12 inches of soil materials. These daia
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indicate that the materials 1ransported after the construction of the berm and the natural
revegetation processes, if any, are limited to overland flow along the landfill slope. Any
sediment that may have been transported off of the landfill as part of this overland Mow
have been deposited in a small area at the toe of the landfill slope.

Finally, significant rainfall and associated stormwater runoff occurred in the St.
Louis area in 1993 and in May 1995, According to the U.S. Geological Survey (Parrett,
et al., 1993), from mid-June through early August 1993, flooding was severe in the upper
Mississippi River Basin following a wet-weather pattern that persisted over the area for at
least 6 months prior to the flood. Peak discharge for the Missouni River in the area of the
West Lake Landfill exceeded the 100-year recurrence interval. The U.S. Army Corps of
Engineers uses the 1993 record flood for comparison to other flood events.

According to McLaren/Hart (1996¢), the May 1995 storm was equivalent to a
100-year event for a two-day duration. The USCOE has indicated that 6-10 inches of
rain were common with isolated instances of 12 —13 inches reported for May 17-18,
1995. A total of 12.93 inches of rainfall occurred in May 1995 resulting in this being the
wettest May on record (325% of normal)) for the St. Louis area. May 1995 also was the
second wettest month ever for the St. Louis area behind August 1946. The St. Charles
gage on the Missouri River recorded a crest elevation equivalent to a flood event with a
40-year recurrence interval.

These storm events reportedly did not result in identifiable erosional scour of the
landfill slope. This further supports the conclusion that the presence of the berms at the
top of the slope and the resultant diversion of the majority of runoff from this area along
with the extensive vegetative cover that has become established along the landfill slope
have acted to greatly reduce or eliminate the potential for erosional scour of the landfill

slope area.

Based on an inspection of the area and review of the aenal photographs and other
available information, EMSI concludes that the historical “slope failure™ was not a
classical circular or deep seated slope failure but was limited to erosional scour and
transport of surficial soils on the top and along the landfill slope in a small area
immediately above the location of soil boring WL-206. This conclusion 1s further
substantiated by the fact that the refuse matenals logged in boring WL-208 consisted of
concrete and other demolition debris materials that are resistant to circular slope failure
because of their interlocking nature.

The erosional scour of the landfill slope occurred when the surficial soils were
readily exposed prior to 1) the growth of significant vegetation cover; and 2) the
consiruction of runoff control berms in this area. Subsequent to the slope failure
significant shrubs, small trees and other vegetation have become established along the
slope in the area of the historical scour and transport of the surficial soils. In addition,
substantial berm construction has been performed at the top of the slope to divert water
away from this area. The successful diversion of water is documented by the fact that
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McLaren/Hart had difficulty obtaining runoff samples from weirs 5 and 7, located in this
area, and ultimately never documented any flow in weir 6. 1t should be noted that
although the berms are effective in diverting runoff during typical storm events, they
apparently were not effective in diverting runoff during extreme storm events as
evidenced by the washout of the weirs in this area during the May 1995 storm event. The
presence of the extensive vegetation along the landfill slope aiso serves to demonstrate
that significant erosion of this area is no longer occurring. Furthermore, the presence of
this vegetative cover along with the berms at the top of the slope will act o further reduce
or eliminate the potential for erosional scour and surficial transpert of soils from this
area.

As previously indicated, based upon discussions with EPA, it was decided that the
Respondents would regrade this slope to a lower overall slope angle, either by excavation
or through placement of additional fill materials, as part of any remedy that may be
selected for QU-1. Regrading of this slope to a lower angle obviated the need for
additonal investigative and testing activities. This approach was accepted and agreed to
by EPA.

4.4.5 Data Quality

During its initial review of the radiological data, McLaren/Hart noted apparent
inconsistencies in the thorium-230 results. It appeared that some of the reported
occurrences of the higher levels of thortum-230 were not consistent with other laboratory
results and site data. In addition, the results of some of the samples collected from
background locations were also anomalously high.

Based on these apparent discrepancies in the thorium-230 results, McLaren/Hart
ininally had the laboratory (Quanterra) re-analyze some of the samples. As a result,
about 20 percent of the samples were re-analyzed, and the results of these analyses
indicated substantially lower thorium-230 levels. The analytical laboratory identified two
possible factors contributing to the erroneously high results. One source of this problem
was poor laboratory spiked tracer recovery due to tailing of the tracer {thorium-229) into
the thorium-230 region of the analytical curve. This “tailing effect” resulted in higher
reported values for thorium-230. A second source of the higher reported thorium-230
levels was analytical interference with the uranium-234 in the samples. Both of these
effects were identified by the laboratory and are discussed further in McLaren/Hart’s Soil
Boring/Surface Soil Investigation Report (McLaren/Hart, 1996h) and the laboratory
correspondence contained in the appendices to McLaren/Hart’s report.

Quanterra revised their protocols to eiiminate interference from these two sources.
The surface samples with inttial analytical results greater than 5 pCi/g and the subsurface
samples with initial analytical results greater than 15 pCi/g were then re-analyzed for
thorium-230 using the revised protocols. The resulting re-analyzed values were
determined by the laboratory and McLaren/Hart o be the valid and representative
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analyses. A summary of the various re-analysis events and the specific samples that were
subjected to re-analysis is contained in the appendix to McLaren/Hart’s *“Soil
Boring/Surface Soil Investigation Report™ (McLaren/Hart, 1996h). The re-analyzed
values were used in the subsequent data presentations and interpretattons.

Although McLaren/Hart and the laboratory did identify and ultimately resolve the
thorium-230 data quality issue, an outstanding data quahty issue still remains.
Specifically, although the majority of the samples with reportedly high levels of thorium-
230 were ultimately re-analyzed, samples with lesser, but still reported levels of thorium-
230 were not re-analyzed. Selection of samples for re-analysis was based on the initially
reported results. Therefore, surface samples with thorium-230 activity levels below 3
picocuries per gram (pCi/g) and subsurface samples with levels below 15 pCi/g were not
re-analyzed. Therefore, the thorium-230 results for these samples may be biased high.

As previously indicated, McLaren/Hart provided split soil samples to Accu-Labs
Research at the request of EPA. The results of the split-sample analyses are included in
McLaren/Hart’s Split Soil and Groundwater Sampling Data Summary Report - West
Lake Landfill Areas 1 & 2 (McLaren/Hart, 1996f). McLaren/Hart concluded that the
results of the split sample analyses confirmed the validity of the radiological results in
general. McLaren/Hart further concluded that the results of the split sample analyses also
supported their conclusion that the initial Quanterra results were affected by the
analytical problems described above, initially resulting in artificially high thorium-230
results

Based upon the results of the various laboratory evaluations, the results of the data
validation and data evaluation performed by McLaren/Hart, and the resuits of the re-
analyses of the soil samples, McLaren/Hart and the laboratory (Quanterra) concluded that
the initial throium-230 results were erroneous and biased high. Based upon our review,
EMSI concurs with their conclusions. As a result, similar to the approach taken by
McLaren/Hart in the Soil Boring/Surface Soil Investigation Report (McLaren/Hart,
1996h), only the re-analyzed sample results are presented and evaluated in the R1.

Review of the thorium-230 obtained from the sample re-analyses indicates that
samples with elevated thonum-230 levels generally corresponded with occurrences of
elevated levels for other radionuclides. Consequently, EMSI considers the thorium-230
results to generally be representative and reliable, with the caveat that as indicated above,
soil samples with initial results less than the reference levels were not subjected to re-
analysis and therefore may be biased high.

Although we have considered all of the reportedly valid thorium-230 results in the
RI, it should be noted that there are some reported occurrences of elevated thorium-230
which are inconsistent with other measures of radionuclide activity obtained as part of the
Rl effort. For example, several instances of reportedly elevated thorium-230 occurrences
were detected by the laboratory analyses in locations where elevated overland gamma
results, elevated downhole gamma resulis, or elevated levels of other radionuclides were
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not detected. Generally, the thorium-230 levels associated with these inconsistencies are
onty slightly above the reference levels. As a result, the representativeness of these few
thorium-230 results may be suspect; however, as thorium-230 is not a strong gamma
emitter, none of the results of the laboratory analyses have been ignored or otherwise
discounted based on this inconsistency. These occurrences are discussed further in
Section 6 of this report as they relate to the nature and extent of the radiologically
impacted materials at the landfill.

4.4.6 Oustanding Issues or Items

McLaren/Hart did not identify any outstanding issues or items associated with the
soil investigation other than the thorium-230 data quality issue discussed above. As
indicated, a data quality issue potentially exists with the thorium-230 results below 5
pCi/g (surface soils) and 15 pCi/g (subsurface soils) as samples with results below these
levels were not subjected to re-analysis. Results below these levels may be biased high.
The potential impacts of this data quality issue, if any, will be considered during the
evaluation of the radiologically impacted materials discussed in Section 6 of this report.

Based on EMSI’s evaluation of the soil investigalion results, it was clear that all
of the information necessary to perform a slope stability analysis for the landfill berm in
Area 2 had not been obtained. As was discussed previously in Section 4.4.4.5 sufficient
information was available to assess the nature of the previous loss of radiclogically
impacted materials from Area 2 down the landfill berm and to assess the potential for
future losses. Furthermore, as previously indicated, the OU-1 Respondents have agreed
to regrade the landfill berm slope as part of any remedy that may be selected for QU-1
thereby obviating the need for additional data. This approach was agreed to and accepted
by EPA. Therefore, the additional information necessary to assess the stability of the
landfill berm is no longer required.

4.5 Groundwater [nvestigation

Groundwater characterization activities were completed to assess the distribution
and flow of groundwater beneath Areas 1 and 2 as well as to determine the magnitude
and extent, if any, of radiological activity in the groundwater.

4.5.1 Purpose and Scope of Investigation

Details regarding the scope, procedures and results of the groundwater
investigation are presented in McLaren/Hart’s Groundwater Conditions Report - West
Lake Landfill Areas 1 & 2 (McLaren/Hart, 1996g) and SCSR (EMSI, 1997¢). The scope
of the groundwater investigation completed or supervised by McLaren/Hart included:
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¢ Collection of samples from thirty existing wells for gross alpha measurement to
evaluate water disposal options;

e Installation of 14 new groundwater monitoring wells;
¢ Development of the 44 new and existing wells;
« Routine measurement of groundwater levels in all wells;

¢ (Collection of five sets of groundwater samples from varying sets of wells by
McLaren/Hart and one set of samples by EMSI (see discussion below),

* Analysis of groundwater samples and split samples; and

e Slug testing of 18 wells to measure hydraulic conductivity.

4.5.2  Summary of Methods and Procedures Used

The procedures used to complete this activity were detailed in Section 6.4 of the
approved RI/FS Work Plan. A summary of the work completed using each of these
protocols is presented below,

4.5.2.1 Monitoring Well Installation

McLaren/Hart installed 14 groundwater monitonng wells including four wells in
Area |, four wells in Area 2 and six wells on the Ford property farmer’s field. Borngs
advanced through landfill refuse were first pre-drilled, radiologically logged and back-
filled using the protocols presented in the RI/FS Work Plan, It should be noted, however,
that flowing sands prevented the collection of some of the samples for inspection and
lithologic descriptions as prescribed by the RI/FS Work Plan. Details on well locations
and depths are presented in the Groundwater Conditions Report (McLaren/Hart, 1996g).

Eighteen new monitoring wells were originally proposed in the RVFS Work Plan.
The Work Plan anticipated installation of seven shallow wells (three in Area 1 and four in
Area 2), six intermediate wells (two in Area | and four in Area 2) and five deep wells
(two in Area | and three in Area 2). The four proposed wells that were not installed
included: -

¢ The shallow and intermediate wells proposed as part of a well cluster along with
well D-14 in Area 1 were not drilled because groundwater was not encountered
during the drilling of soil boring WL-109 at this location. Well D-14, the deep
well in the cluster was installed as proposed.
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o The shaliow well proposed for the eastern edge of Area | was not drilled because
a new well (PZ-114-AS) had recently been installed at this location by Golder
Associates as part of the OU-2 investigation and was available for sampling as
part of the QU-1 groundwater investigation. As a result, well PZ-114-AS was
used in place of installation of a new well at this location.

¢ The shallow well 10 be drilled in conjunction with well D-13 al the eastern comer
of Area 2 was also not drilled as a shallow well because MW-F3 already existed
tn this area and was available for sampling as part of the OQU-1 groundwater
investigation. As a result, well MW-F-3 was used in place of installation of a new
well at this location.

4.5.2.2 Monttoring Well Development

The 14 new wells and 30 non-damaged existing wells were developed by
removing a minimum of 10 well volumes of groundwater. During well development,
McLaren/Hart also monitored pH, electrical conductivity, and temperature. Well
development continued until consecutive readings were within 10 perceni of each other
and the produced water was non-turbid. All development water was containerized and
analyzed per St. Louis Metropolitan Sewer District (MSD) disposal criteria. The water
was then discharged into the MSD system upon receipt of results and with MSD
approval.

4.5.2.3 Groundwater Level Measurement

McLaren/Hart measured groundwaler levels from all existing monitoring wells on
a monthly basis from November 1994 to November 1995 and from the newly-constructed
wells from their development date to November 1995. Groundwater level measurements
were subsequently collected on a quarterly basis from all wells through October 1996.
McLaren/Hart followed the protocols presented in the approved RI/FS Work Plan during
each measurement episode. Wells from which groundwater level data were obtained are
shown on Figure 4-11. Results of the water level measurement activiuies are summarized
on Tables 4-3 ad 4-4.

4.5.2.4 Weli Slug Testing

McLaren/Hart completed slug testing on twelve of the new wells and six of the
existing wells using the protocols presented in the approved RI/FS Work Plan. The
resulting data was analyzed using the AQTESOLV™ software (Geraghty & Miller,
[589).
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4.5.2.5 Groundwater Sample Collection

McLaren/Hart completed five ditferent groundwater-sampling episodes. In
addition, supplemental groundwater sampling was performed under EMSI’s supervision.
Groundwater sampling locations are shown on Figure 4-12. The first episode consisted
of collecting grab samples from the 30 existing wells prior to their development to obtain
approval for disposal of the development and purge water. Each sample was analyzed for
gross alpha. Three wells were re-sampled, filtered, and re-analyzed following initial
gross alpha results above the MSD standard. All three re-analyzed results were below the
MSD standards. Further information on this task 1s presented in the Groundwater
Conditions Report.

The second (November 1995) and third (February 1996) episodes of groundwater
sampling conducted by McLaren/Hart included sampling of the 14 new wells and 16 of
the existing wells. McLaren/Hart completed a fourth sampling round in May 1996 to
resolve issues related to thorium-230 (potential false positives) and radium-226
(analytical results above MCLs). All three sampling episodes were completed using the
protocols specified in the approved RI/FS Work Plan.

The RI/FS Work Plan called for sampling all of the newly constructed Rl
monitoring wells as well as 14 of the existing monitoring wells. The 14 existing
monitoring wells to be sampied included five shallow wells (S-60, S-61, S-84, MW-101,
and MW-106), five intermediate wells (1-62, 1-65, 1-66, 1-67, and 1-68), and four deep
wells (D-83, D-85, D-93, and D-94).

A total of 30 monitoring wells were sampled in each of the second, third and
fourth episodes discussed above to comply with the RI/FS Work Plan Requirements. The
set sampled included 14 newly constructed RI monitoring wells, two shallow wells {MW-
F3 and PZ-114-AS) that were part of the landfill monitoring program and that were
substituted for two of the planned new wells, and 14 existing monitoring wells, two of
which serve as background monitoring wells. The wells sampled are summarized on
Table 4-5 and construction information for these wells is summarized on Table 4-6.
Additional information regarding the construction of these and other wells at the landfill
can be found in the “Groundwater Conditions Report, West .ake Landfill Areas 1 & 2"
{(McLaren/Han, 1996g) and in the “RI/FS Work Plan for the West Lake Landfill Site,
Bridgeton, Missouri” (McLaren/Hart, 1994a).

Of the 14 existing wells proposed for sampling in the RI/FS Work Plan, three
were replaced by other wells. These included wells §-60, D-94, and MW-106. As
reported in the Site Reconnaissance Report (McLaren/Hart, 1996b), well S-60 could not
be located. As a result, one of the proposed RI wells, S-1, was relocated to the vicinity of
S-60. Well D-94 was reportedly damaged and the casing was obstructed. As a result,
this well was not sampled. As reporied in the Site Reconnaissance Report
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(McLaren/Hart, 1996b), high turbidity levels were encountered prior to and afler re-
development of background well MW-106. As a result, background well MW-107 was
substituted for MW-106. An additional existing background well, S-80, was also added
to the list of wells to be sampled. In addition, existing well S-82 was added to the list of
existing weils sampled as this well along with existing well D-93 and new well 1-9 were
used as the monitoring well cluster originally proposed for the southwestern corner of
Area 2.

Two background wells, S-80 and MW-107, were included in the groundwater
sampling episodes. These wells are considered background because they are horizontally
located 3,800 and 4,400 feet respectively from the closest boundary of either Area 1 or
Area 2. In addition, these wells are considered to be up-gradient of the landfill because
their water level elevations are generally 3 and 13 feet higher respectively than the
groundwater elevations beneath Areas 1 and 2.

Additional groundwater samples were collected during May, 1997 according to
the procedures presented in the EPA approved ASAP. The additional data was collected
to compare the site radiological levels in groundwater to the State of Missoun Maximum
Contaminant Levels (MCLs} and to resolve tssues associated with potential data qualtty
problems related to the thorium isotope results. Additional filtered and unfiltered
samples were collected from seven groundwater monitoring wells (§-82, 1-2, I-4, D-3, D-
6, D-12, D-93) and analyzed for gross alpha and the approved radionuclide suite. A
sample could not be collected from well D-14 because of an obstruction 1n the casing. A
duplicate sample from well S-82 was also submitted for quality assurance evaluation.

4,5.3 Deviations from Work Plan

The following deviations from the procedures prescribed in the EPA approved
RI/FS Work Plan were noted:

e McLaren/Hart was unable to obtain all of lithologic samples anticipated by the
Work Plan due to flowing sands encountered during well drilling.

e Some minor deviations in the proposed well completion program were required
due to occurrences of the groundwater table near the base of the landfill and the
presence of flowing sands in the alluvium. Specifically, in well S-3, the height of
the filter pack above the top of the screen was decreased to reduce the potential
for leachate migration along the well bore. In addition, mud rotary drilling
procedures using “revert” biodegradable drilling additives were employed in
conjunction with the hollow stem auger drilling in monitoring wells I-11, D-12
and D-13 in Area 2 to counteract caving of the unconsolidated alluvium.

» McLaren/Hart did not complete slug tests on all newly installed wells as
prescribed by the Work Plan, but rather completed testing on 12 new wells and
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six existing wells. This change was made to increase the areal and vertical
coverage of the resultant hydraulic conductivity data.

These deviations either improved or had no effect on the quaiity of the data obtained
by the groundwater investigation or the ability of the investigation to achieve the data
quality objectives for this work. There was only one deviation noted by EMSI from the
EPA approved ASAP; that is a groundwater sample was not collected from well D-14
because the casing was obstructed.

4.5.4

Summary of Results

Results of the analyses of the various groundwater samples obtained during the Rl

are contained in Appendix C. A summary of the principal observations made by
McLaren/Hart based upon the groundwater data they collected include:

Constituents in the uranium-238, uranium-235 and thorium-232 decay series were
detected in both of the up-gradient background wells (S-80 and MW-107).

Six of the priority pollutant trace metals (arsenic, chromium, copper, lead, nickel
and zinc)} were also detected in unfiltered samples from the background wells,
Trace metals were not detected in the filtered sampies.

Constituents in the uranium-238, uranium-235 and thorium-232 decay series were
measured near background levels in wells at the landfill. Constituent levels were
generally below 3 picocurnies per liter (pCi/l) in the wells at the landfill. There
were minimal differences between the results obtained from the filtered and
unfiltered samples.

Eight of the priority poilutant trace metals (arsenic, chromium, copper, lead,
mercury, nickel, selemium, and zinc) were detected in the unfiltered samples from
wells at the landfill. With the exception of the single detection of mercury in welt
D-14 (0.21 pg/l) and a single detection of selenium in well MW-101 (38 pg/l), all
of these trace metals were also detected in the background well samples. For the
six trace metals detected in both background and site wells, the levels of the trace
metals detected in the unfiltered samples from the wells at the landfill were
similar to or less than the levels of the trace metals found in the background wells.
The two exceptions were the arsenic results in six of the site wells and the nickel
levels in well S-5 (arsenic 13 to 420 ng/l verses background of <0.1 to 20 pg/l;
nickel 93 to 110 pg/l verses background of <0.2 to 74 pg/l). Furthermore, with
the exception of arsenic and to a lesser extent nickel, the trace metals generally
were not detected 1n the filtered samples.
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» Total petroleum hydrocarbons were detected in six wells at concentrations from
0.53 to 3.5 ppm.

¢ Eleven VOCs including benzene, several chlorobenzene compounds and acetone
(a known laboratory contaminant) were detected in the wells al the Jandfill. These
compounds were not detected in the background wells.

e Four SVOCs (1,4 dichlorobenzene, 4-methyl phenol and two phthalate
compounds (known laboratory contaminants) were detected in wells at the
landfiil. These compounds were not detected in the background wells.

o Three pesticides were delected in wells at the landfill in the November 1995
sampling episode. They were not detected during the February 1996 episode. No
PCBs were detected during either sampling event.

¢ The hydraulic conductivity of the shallow materials (average of 8 x 107
centimeters per second [cm/sec]) 15 slightly less than average hydraulic
conductivity results obtained from the intermediate and deep monitoring wells (4
x 107 cm/sec).

4.5.5 Data Quality [ssues

In January 1996, Quanterra identified a data quality issue relative to the thorium-
230 analytical results obtained from the November 1995 groundwater-sampling activity.
Specifically, the thorium-230 results from the November 1995 samples appear to contain
false posttives or to have been reported at levels higher than actually present. This
problem was a result of the volume reduction portion of the sample preparation and
analysis procedure and was identified by Quanterra based on poor analytical recoveries of
the laboratory-spiked tracer (thorium-229). Many of the analytical results for the
November 1995 samples displayed either no tracer recovery or had tracer recoveries
below Quanterra’s internal acceptance criteria of 20%. As a result of the poor tracer
recovery, a greater instrument response factor was used in the calculation of the sample
activity levels resulung in artificially high reported sample resulis. As a result of
Quanterra’s identification of the problem, Quanterra implemented a corrective action
procedure with respect to samples collected during the February 1996 sampling method
consisting of a change from the precipitation method to an evaporative technique during
sample preparation. In addition, a third round of groundwater sampling and thorium-230
analyses was implemented in May of 1996 using the revised sample preparation protocol.

Review of the thorium-230 data shows that the November 1995 unfiltered
samples exceeded the February and May 1996 values for 15 of 18 wells where thorium-
230 was detected. The November 1995 filiered samples also exceeded the February and
May 1996 values in 12 of the 14 wells where thorium-230 was detected. Therefore, the
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November 1995 groundwater analytical results for thorium-230 appear to be biased high.
This bias needs to be considered in any potential use of this data.

A data quality issue was also identified with respect to the radium analyses.
Specifically, the protocol in the RI/FS Work Plan required an analytical method (EPA
Method 903.0) with a minimum detectable activity level below the MCL values;
however, this analytical method was not specified on the chain of custody forms for both
the November 1995 and February 1996 sampling events. As a result, only gamma
spectroscopy results were obtained for these groundwater samples. The minimum
activity levels detectable by gamma spectroscopy analyses exceed the MCL for radium-
226 and radium-228. As result, the unfiltered samples obtained in February 1996 were
analvzed for radium-226 using the EPA method with the lower minimum detectable
activity level. In addition, as directed by EPA, all of the wells were re-sampled for
radium isotopes in conjunction with the re-sampling for thortum-230 performed in May
ol 1996. These samples were analyzed for radium-226 using the EPA method with the
lower minimum detectabie activity level,

Neither McLaren/Hart nor EMSI identified any other data quality issues.

4.5.6 Outstanding [ssues or Items

Neither McLaren/Hart nor EMSI identified any outstanding issues.

4.6 Surface Water and Sediment Investigation

McLaren/Hart performed investigations of rainwater runoff, erosional sediment
chemistry, and surface water quality to provide data on potential surface-water transport
pathways for the health based risk assessment. The methodologies used, scope of
activities and the results of these investigations are described in McLaren/Hart’s
Rainwater Runoff, Erosional Sediment, Surface Water, and Leachate Sampling Data
Report - West Lake Landfill Areas 1 & 2 (McLaren/Hart, 1996¢).

Supplemental rainwater runoff, surface water, and sediment investigation
activities were conducted by EMSI. The results of these activities were presented in the
SCSR (EMSI, 1997¢) and this RI.

Locations of the various weirs used to obtain rainwater/runoff and erosional
sediment samples at the landfill are shown on Figure 4-13. This figure also shows the
locations of from which off-site sediment samples were obtained. Also shown on this
figure are the various locations from which surface water level measurements were
obtained as well as the locations of the off-site surface water quality samples.
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4.6.1 Purpose and Scope of Investigation

McLaren/Hart performed surface water and sediment sampling to provide the daia
necessary 10 evaluale the surface water - groundwater interactions and to assess the
potential for chemical transport via surface water and sediments. This investigation
included obtaining water level measurements from the various surface water bodies in the
area and measurement of rainwater runoff flows from Areas 1 and 2 (Figure 4-13). This
investigation also included sampling and chemical analyses of rainwater runoff and
erosional sediments from nine weir locations at the margins of Areas 1 and 2 along with
sampling and chemical analyses at two surface water locations in the vicinity of the
tandfill. In addition, samples and chemical analyses were performed on the leachate from
the seep located near the western boundary of Area 2.

EMSI preformed additional surface water and sediment sampling in May, 1997 to
provide concentration data for gross alpha, radium-226 and radium-228 using an
analytical method with detection limits below relevant MCLs and to further evaluate the
thorium-232/radium-228 and thorium-230/radium-226 relationships. Surface water
samples were collected near the southem edge of the North Surface Water Impoundment
and from the Flood Control Channel at McLaren/Hart staff gage location 6/ 7. These
locations were selected because they are the approximate locations where all runoff
contributions from the landfill have reached the perimeter surface water drainage system
(McLaren/Hart, 1996d).

Sediment samples were collected by EMSI at the following locations:

o Sample location SED-1 located at the intersection of the landfill property
boundary and the east-west drainage ditch aiong the south side of the access road.
This location is where sediment mobtlized from Area 1 would exit the property;

e Sample iocation SED-2 located at the intersection of the property boundary and
the northern access road perimeter ditch;

e Sample location SED-3 located from the perimeter ditch along the west side of St.
Charles Rock Road halfway between the SED-2 sampling location and the North
Surface Water impoundment, and;

« Sample location SED-4 located immediately above the intersection of the
perimeter ditch on the west side of St. Charles Rock Road with the North Surface
Water Impoundment.

Sediment samples were also collected by EMSI from behind six of the ten weirs
(WEIRS-3. 4.5, 8§, 9, and 10) according 1o the amended ASAP to verify the results
reported in the Rainwater Runoff, Erosional Sediment, Surface Water, and Leachate
Sampling Data Report (McLaren/Hart, 1996d). The sampling included Weir-10 that was
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installed in May 1997 to provide supplementary data for the areas drained by Weir-8 and
Weir-9.

4.6.2 Summary of Methods and Procedures Used

The following subsections present a summary of the methods and procedures used
by McLaren/Hart and EMSI during the various investigations of rainwater runofT,
erosional sediment, surface water and leachate. Information and additional details
regarding the rainwater runoff, sediment and surface water sampling are included in the
Rainwater Runoft, Erosional Sediment, Surface Water, and Leachate Sampling Data
Report (McLaren/Hart, 1996¢), the ASAP (EMSI, 1997a), and the SCSR (EMSI, 1997¢).
Additional information regarding these activities is included in McLaren/Hart’s letters of
March 30, 1995 and June 22, 1995 (McLaren/Hart, 1995c), EMSI’s leiter of April 29,
1997 (EMSI, 1997¢) and EPA’s letter of May 5, 1995 (EPA, 1995a).

4.6.2.1 Ratnwater Runoff Sampling

Field reconnaissance of topographic conditions and the presence of erosional
channels during October 1994 to March 1995 were used to identify nine locations (four in
Area 1 and five in Area 2) where rainwater potentially ran-off of Areas 1 and 2. To
estimate the amount of rainwater runoff flow from Areas | and 2, McLaren/Hart installed
a series of calibrated **V-notch™ weirs at each of the mine locations. At each of the
sampling locations, runoff was directed through the “V-notch” weir. The weirs were
installed in Apnl 1995 and surveyed for location and elevation control.

Per the EPA approved RI/FS Work Plan, rainwater runoff samples were to be
collected within 24 hours of a rainwater event that produced a sufficient quantity of
runoff for collection of samples. Specifically, rainwater runoff samples were to be
collected after a storm that was forecast to produce at least {-inch of rain at nearby
Lambert Field (the St. Louis International Airport).

Samples were collected from the four Area | weirs on May 18 and 19, 1995;
however, sampling of the Area 2 weirs could not occur at this time as planned. The
severity of the storm associated with this rainfall event (9.54 inches on May 16 and 17,
1995 equivalent to a 100-year storm event for a 2-day duration) caused erosional scour
and undermining of the weirs placed near the western slope of Areas 2 (above the Ford
property farmer’s field). In addition, on the east side of Area 2, water from adjacent
landfill operations (roll-off box storage area and the construction debris landfill) flows
toward and commingles with the runoff from Area 2. At the time of the May 1995 storm,
the weirs on the eastem portion of Area 2 were not located in a manner to isolate and
sample Area 2 runoff only.
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During the remainder of 1995 and the first quarter of 1996, no storms producing
sufficient runoff for sampling the Area 2 weirs occurred. As required by the RI/FS Work
Plan, McLaren/Hart performed site reconnaissance throughout this period during and
after each storm which produced at least one-inch of rainwater at the St. Louis Lambert
Field Intemational Airport or which had the potential to produce sufficient runoff for
sampling. Based on daily precipilation records, there were only two events that produced
over one inch of rain at Lambert Field during the period from May through December of
1995. Reconnaissance of the weirs during both of these events indicated that runoff was
not occurring,

Area 2 rainwater-runoff samples were finally collected on Apnil 29, 1996. At the
tme the sampling was performed. no runoff was occurring at Weir 6, one of the three
welrs located along the western portion of Area 2. As a result, no runcff sample could be
collected from this location. On the east side of Area 2, water had ponded around the two
weir locations (Weirs 8 and 9), however, no runoff was occurring. As a result, samples
of the ponded water were collected.

Rainfall runoff samples were also collected from the weirs 3, 4, 5, 8,9, and 10 on
August 19, 1997 as part of the ASAP field activities to verify the results reported in the
Raimwater Runoff, Erosional Sediment, Surface Waler, and Leachate Sampling Data
Report (McLaren/Hart, 1996d). This sampling acuivity included Weir-10 that was
installed in May 1997 to provide supplementary data for the areas drained by Weir-8 and
Weir-9. Specifically, weir 10 was installed down-slope of weirs 8 and 9 in an attempt to
obtain flowing rather than ponded runoff from this portion of Area 2. It should be noted
however, that the location in which weir 10 was installed does potentially receive some
minor component of runoff from a limited portion of the landfill south of Area 2.

4.6.2.2 Erosional Sediment Sampling

Concurrent with the rainwater runoff sampling, erosional sediment samples were
collected from sediment that had accumulated behind the *V-notch™ weirs. As required
by the RI/FS Work Plan, erosional sediment samples were collected after rainwater
runoff had abated. Sample collection and handling were performed consistent with the
procedures outlined in the Sampling and Analysis Plan. Additional information is
presented in the Rainwater Runoff, Erosional Sediment, Surface Water and Leachate
Sampling Data Report (McLaren/Hart, 1996¢) and SCSR (EMSI, 1997¢). Results of the
radiological and non-radiological analyses of the erosional sediment samples are
presented in Appendix E.

4.6.2.3 Surface Water and Leachate Sampling

Surface water samples were collected from the surface water body north of Area 2
and from the {lood control channel along the west side of the property in accordance with
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the procedures outlined in the RI/FS Work Plan. Complete details regarding the initial
surface water sampling are presented in the Rainwater Runoff, Erosional Sediment,
Surface Water and Leachate Sampling Data Report. In accordance with the ASAP,
supplemental surface water samples were collected by EMSI in May 1997, as discussed
in the SCSR (EMSI, 1997¢}.

MecLaren/Hart collected a leachate sample from a seep located on the western
landfill slope near the southwest corner of Area 2 as required in the RI/FS Work Plan,
No other leachate seeps were identified. Details of the ieachate seep sampling are
presented in the Rainwater Runoff, Erosional Sediment, Surface Water and Leachate
Sampling Data Report.

As discussed above, water samples were collected from the North Surface Water
Body and the Flood Control Channel by EMSI on May 15, 1997 as part of the ASAP
field activities. The purpose of these additional samples was to provide confirmation of
the results previously obtained by McLaren/Hart. The samples were collected according
to the protocols outlined in the EPA approved ASAP,

4.6.3 Deviations from Work Plan

Deviations from the RI/FS Work Plan noted by McLaren/Hart included the
following:

o The erosional sediment and rainwater runoff samples were coliected from Areas |
and 2 after differing precipitation events because samples could not be collected
from Area 2 at the time Area | runoff samples were collected;

¢  The rainwater runoff samples from behind Weirs 8 and 9 were collected from
ponded water rather than flowing water as anticipated by the RI/FS Work Plan
because flowing water was not present at these locations; and

¢ A sample could not be collected from Weir 6 in Area 2 because no flow or
ponded water was present.

The only deviation from the approved ASAP was that rainwater runoff and
sediment samples were not collected from Weirs 1, 2, 6, and 7 because rainfall during the
field program interval was insufficient to produce runoff at these locations.

4.6.4 Summary of Results

Results of the surface water and sediment sample analyses are presented in
Appendices D and E. Based upon the data collected, preliminary conclusions were
developed by McLaren/Hart and presented in their Rainwater Runoff, Erostonal
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Sediment, Surface Water and Leachate Sampling Data Report (McLaren/Hart, 1996¢).
. A summary of the primary observations made by McLaren/Hart included the following:
¢ Uranium-238, uranium-235 and thortum-232 decay series constituents were
present in both the rainwater runoff and sediments in Area 1;

+ Non-radiological compounds of concern that were present mn the rainwater runoff
from Area 1 in¢cluded VOCs and SVOCs;

¢ Non-radiological compounds of concern thal were present in the erosional
sediments from Area | included metals, SVOCs, TPH (as motor oil), and
pesticides;

¢  Uranium-238, uranium-235 and thorium-232 decay series constituents were
present in both the rainwater runoff and sediments in Area 2;

+ Non-radiological compounds of concem were not present in the raimwater runoff
from Area 2;

¢ Non-radiological compounds of concern that were present tn the erosional
sediments from Area 2 included metals, SVOCs, TPH (as motor oil), and
pesticides;

. ¢ Only one leachate seep was identified, and McLaren/Hart noted that it only
flowed after significant rainfall events or periods of extended rainfall;

» Constituents from the uranium-238 decay series were present in the leachate seep
sample; and

¢ Non-radiological compounds of concem that were present in the leachate seep
sample included, VOCs, SVOQCs, metals, TPH (as diesel and motor oil), and
pesticides.

The results from the surface water and sediment sampling efforts conducted
during the ASAP were generally similar to the results obtained by McLaren/Hart. None
of the surface water samples contained radionuclide levels above their respective MCLs.
Sediment samples obtained from weir 2 in Area | and weirs 5,6, 7 and 9 in Area 2
(Figure 4-13) contained radionuclides, (principally but not exclusively thorium-230,
radium-226, and lead-210) at levels greater than the surface soil reference levels (Tables
E-1, E-2 and E-3 in Appendix E). Although the original RI sediment samples obtained
from Weir 3 did not contain radionuclides above reference levels, the subsequent sample
obtained in May 1997 as part of the ASAP testing did contain thorium-230 at 11.6 pCi/g
compared to a reference level of 7.54 {or this isotope. In addition to the above locations,
samples from weir 1 in Area | contained throlum-230 and radium-226 at levels greater
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than background but less than the reference levels. Both samples obtained from weir 8 in
Area 2 contained thorium-230 at levels greater than background but less than the
reference levels. None of the samples obtlained from weir 4 located along the north side
of Area | immediately south of the landfill office building contained radionuclides above

background levels.

Of the four sediment samples oblained from the intemmal and penmeter drainage
ditches, only the sample obtained at the eastermmost end of the internal drainage ditch
along the north side of Area 1 (location SED 1) contained any radionuclides above
surface reference levels. This sample contained uranium-234 at 16.3 pCi/g compared 10 a
surface reference level of 7.73 pCi/g. However, analysis of a fleld duplicate of this
sample displayed oniy 1.04 pCi/g and analysis of a laboratory duplicate of the field
duplicate sample contained only 0.95 pCi/g; therefore, the reproducibility of this
exceedance is questionable. Similarly, the laboratory duplicate sample contained 6.74
pCi/g of radium-226, which slightly exceeds the surface reference level of 6.3 pCi/g;
however, radium-226 was not detected in the original sample at a minimum detectable
activity level of 5.08 pCi/g. Therefore, the validity of this potential exceedance is also
questionable. None of the other three sediment samples (From SED 2, SED 3 and SED 4
locations) contained any radionuclides above reference levels; however, the minimum
detectable activity levels achieved by the laboratory for some of the radionuclides did in
some cases exceed the surface reference levels. Most notably, the lead 210 result for
samples SED 1 (but not SED I duplicate) and SED 3 greatly exceeded the reference level
while the radium-223 result for SED | (but not SED 1 duplicate) and SED 3 slightly
exceeded the reference level. In addition, the bismuth 212 results for locations SED 1,
SED | duplicate and SED 3 also slightly exceed the reference level. Although thorium-
230 was not detected above its reference level in any of the intemal or perimeter drainage
ditches, samples oblained from SED-1, SED-3 and SED-4 all contained thorium-230
above its background level. The sample from SED-4 also contains radium-226 above the
background level. The sample from the SED-2 location did not contain any radionulcides
at levels above reference or background levels.

4.6.5 Data Quality Issues

As previously described as part of the discussion of the groundwater
investigation, the required analytical technique for radium isotope analyses in water
samples was not specified on the chain-of-custody forms. The error was identified by
McLaren/Hart in May 1996 and brought to the attention of the EPA Project Manager. At
the direction of EPA, all of the monitoring wells were re-sampled for radium-226 and
radium-228 as part of the groundwater investigation. However, no re-sampling was
required or performed for the surface water and rainwater investigation. Consequently,
the minimum detectable activity levels for the rainwater runoff and surface water samples
collected by McLaren/Hart exceeded the MCL for radium-226 and radium-228.
Therefore, additional surface water samples were collected by EMSI in May 1997 for
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radium analyses. These results were presented in the Site Characterization Summary
Report (EMSI, 1997¢) and are described further in Section 7 of this report.

As was discussed above, the sediment sample obtained at the eastem end of the
internal drainage ditch located alonyg the north side of Area | on the south side of the site
access road contained uranium-234 at 16.3 pCi/y compared 10 a surface reference level of
7.73 pCi/g. The duplicate sample analysis of this sample, however, contained only 0.95
pCi/g; therefore, the reproducibility of this exceedance is questionable. Similarly, the
duplicate sample contained 6.74 pCi/g of radium-226, which slightly exceeds the surface
reference level of 6.3 pCi/g; however, radium-226 was not detected in the original sample
at a mintmum detectable activity level of 5.08 pCi/g. Therefore, the validity of this
potential exceedance is also questionable. None of the other three sediment samples
(From SED 2, SED 3 and SED 4 locations) contained any radionuclides above reference
levels; however, the minimum detectable aclivity levels achieved by the laboratory for
some of the radionuclides did in some cases exceed the surface reference levels. Most
notably, the lead 210 result for samples SED 1 (but not SED | duplicaie) and SED 3
greatly exceeded the reference level while the radium-223 result for SED [ (but not SED
| duplicate) and SED 3 slightly exceeded the reference level. In addition, the bismuth
212 results for locations SED 1, SED 1 duplicate and SED 3 also slightly exceed the
reference level.

4.6.6 Outstanding [ssues or Items

The only outstanding issue is the high radium isotope minimum detectable
activity level in the surface water and rainwater runoff samples as described above.

4.7 Radon, Landfill Gas, and Fugitive Dust [nvestigations

McLaren/Hart performed an investigation of radon gas levels at the surface of the
landfill, of the potential for VOC emissions from the landfill and of the potential for
transport of radionuclides and trace metals in fugitive dust derived from Areas 1 and 2.
The scope of these activities, methodologies used, and the results of these investigations
are described tn detail in the Radon Gas, Landfill Gas and Fugitive Dust Report - West
Lake Landfill Areas 1 & 2 (McLaren/Hart, 1996d). In addition, as part of the
supplemental field investigation activities described in the ASAP, EMSI completed a
radon flux measurement program in June 1997.

4.7.1 Purpose and Scope of Investigations

McLaren/Hart completed investigations regarding radon gas, landfill gas, and
fugitive dust to provide data on the potential for migration of ¢constituents of concern via
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the air pathway for the health based risk assessment. The scope of the investigation

. included:

¢ Collection and analysis of radon samples from the surface of the landfill in Areas
|l and 2;

o Collection and sampling of soil vapor for methane analysis for health and safety
purposes at each of the planned boring locations;

o Collection and analysis of soil samples to evaluate the potential for emission of
volatile organic compounds and to assess the poiential for radionuclide and trace
metal transport in fugitive dust; and

e Collection of fugitive dust samples upwind and downwind of Areas | and 2.

4.7.2 Summary of Methods and Procedures Used

The RI/FS Work Plan included procedures for the McLaren/Hart radon sampling
effort but not the landfill gas and fugitive dust activities covered in this Section. The
RI/FS Work Plan required that radon activity data be collected to assess the radon flux
from the surface of the landfill. Specific locations for the radon sampling effort were
proposed by McLaren/Hart in their letter of June 22, 1995 (McLaren/Hart, 1995¢) and

. approved by EPA in their letter of September 11, 1995 (EPA, 1995c). Although the
Work Plan specified the procedures to be used for performing the radon measurements, tt
was determined by McLaren/Hart, after the sampling exercise was completed in
accordance with the Work Plan, that only radon concentration values could be derived
from the data. A discussion of the radon sampling methodology used and results
obtained by McLaren/Hart 1s presented in the Radon Gas, Landfill Gas and Fugitive Dust
Report (McLaren/Hart, 1996d). As radon flux estimates could not be obtained from the
McLaren/Hart effort, radon flux measurements were obtained by EMSI as part of the
ASAP activities. Based on the data quality objective set forth in the RI/FS Work Plan
and as further discussed below, the RI evaluations of radon occurrences and flux are
based on the radon flux measurements obtained by EMSI.

The radon flux measurement program completed by EMSI employed the Large
Area Activated Charcoal Canisters (LAACC) method presented in Method 115,
Appendix B, 40 CFR, Part 61. This method was established to measure radon flux values
on uranium mill tailing piles. Radon flux was measured rather than concentration
becalse no structures are present in either Area 1 or Area 2 that would result in the
buildup of radon concentrations. Instead, the potential transport pathway for radon is the
migration of the gas through the atmosphere.

The protocols used for the LAACC radon flux measurement program and
. calculations are included in Appendix A of the ASAP. These protocols are contained in
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the USEPA report Rudon Flux Measurements on Gurdinier and Roysier Phosphogypsum
Piles near Tampa and Mulberry. Florida (USEPA, 1986). Specific protocols used by
Tellco Environmental, the EMSI subcontractor that provided the LAACCs and performed
the caleulations to determine radon flux, are also included in Appendix A of the ASAP

(EMS), 1997a).

4.7.2.1 Radon Sampling

The radon flux measurements perfonmed by EMSI were made at 54 locations in
Areas | and 2 and the Ford property (Figure 4-14). Radon flux measurements were
obtained adjacent to each of the statistically unbiased random boring locations within the
grids established for the soil sampling programs within Area 1 {one sample in each of 22
grids) and Area 2 (one sample in each of 32 grids). Each sample in Area ] was
representative of the 38,250 square foot area within individual 170 foot by 225 foot grids.
Each sample in Area 2 was representative of the 67,600 square foot arca within
individual 260 foot by 260 foot grids. A 10-inch diameter LAACC charged with 180
grams of baked activated charcoal was placed on the soil surface adjacent to each of the
54 random boring locations and allowed to collect radon for a 24-hour time period. After
receipt in the laboratory, each sample of exposed charcoal was weighed and radon was
measured by means of gamma spectroscopy. Radon flux was calculated using the
equations contained in Appendix A of the ASAP.

4.7.2.2 Soil Vapor Sampling

As was previously described in the discussion of the soil investigation activities,
soil vapor sampiing was completed at each proposed boring location to measure methane
concentrations for health and safety considerations. The locations at which methane gas
concentrations were obtained are shown on Figures 4-15 and 4-16. Sampling was
completed using a geoprobe unit with the samples collected in glass sampling bulbs and
analyzed onsite for methane. The resulting data (Table 4-7) was then assessed to
determine if any special precautions related to potential explosive hazards needed 10 be
followed at any of the drilling locations. Due to the transient nature of methane
occurrences and possible changes in the layout and operation of the landfill gas extraction
system, the actual methane levels that may be present at these or other locations in Areas
1 and 2 can vary significantly from those reported in 1995. Given that the site is a
municipal solid waste landfill, the presence of methane and other landfill gases should be
expected. Therefore, although the results obtained in 1995 may be useful for planning
purposes, design and implementation of remedial measures and health and safety
activities should be based on the results of actual landfill gas measurements obtained as
part of these activities.
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4.7.2.3 Soil Sampling for Non-Radiological Compound Vapor Discharge

Surface soil samples were collected at a depth of 24 inches below the ground
surface for VOC and SVOC analyses. Surface samples (0 - 2 inches) were collected and
analyzed for PCBs and pesticides. Both sets of samples were collected from 15 of the 50
planned soil boring locations including five borings in Area | and ten in Area 2. In
addition, surface soil samples were also collected from the five hand auger borings
completed in the closed topographic depression in the northemn portion of Area 2.

4.7.2.4 Fugitive Dust Sampling

Specific protocols for fugitive dust sampling were not inciuded in the RI/FS Work
Plan. McLaren/Hart prepared a detailed plan for the fugitive dust sampling effort and
submitted this plan to EPA in a December 4, 1995 letter (McLaren/Hart, 1995f). EPA
approved this plan prior to the start of the field activities (EPA, 1995¢).

McLaren/Hart completed the fugitive dust sampling on Apnl 11, 1996. Samples
were collected at locations in both Area 1 and Area 2 that were upwind and downwind of
previously defined radiologically affected areas (Figures 4-17 and 4-18). All samples
were collected within 40 feet of the radiologically affected areas to simulate worst-case
scenarios. The fugitive dust samplers were operated for an 8-hour pertod and the samples
were collected on closed-face filter cassetles, sealed, and submitted to the laboratories for

analyses.

4.7.3 Deviations from Work Plan

There were no deviations from the RI/FS Work Plan, the December 4, 1995
Fugttive Dust Sampling Plan (McLaren/Hart, 1995f) or ASAP (ESMI, 1997a) that were
nol approved by EPA prior to the onset of sampling.

4.7.4  Summary of Results

Although the procedures set forth in the RI/FS Work Plan were followed, the
results from the initial, radon-flux measurement effort performed by McLaren/Hart were
reported as a concentration rather than flux. Radon Detection Systems, Inc., the company
completing the work, could not calculate flux values from the data collected; therefore,
the flux measurements could not be obtained as required in the RI/FS Work Plan. As a
result, a supplemental radon flux measurement program was performed by EMSI as
previously described.
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Results from the supplemental radon flux measurement program performed by
. EMSI indicated the following:

e Radon flux values for Area | ranged from 0.1 to 245.9 pCiym*s. The average
radon flux for Area | was 13 pCi/m’s. The majority of the radon flux from
Area | was generated from two discrete locations: WL-102 (245.9 pCi/m’s)
and WL-106 (22.3 pCi/m’s); and

e Radon flux values for Area 2 ranged from 0 to 513.1 pCi/m’s. The average
radon flux for Area 2 was 28 pCi/m’s. The majority of the radon flux from
Area 2 was generated from_two discrete locations: WL-209 (513.1 pCi/m’s)
and WL-223 (350.2 pCi/m’s).

Results of the methane gas survey are presented on Figures 4-15 and 4-16. The
methane data from the soil vapor study was used in the preparation of the drilling health
and safety plan. These data were not obtained for site characterization purposes and
therefore are not considered in the RI.

A total of 15 surface soil samples (five from Area 1 and ten from Area 2) were
analyzed for VOCs and SVOCs. The only VOCs detected in any of these samples were
acetone at 34 ppb in the surface sample from boring WL-108, 42 ppb of 1,4
dichlorobenzene in the surface sample from boring WL-114, and 38 ppb acetone and 6.5
ppb 1,4 dichlorobenzene in the surface sample from WL-209. Bis(2-ethylhexyl)

. phthalate, a common laboratory contaminant, was detected at levels ranging from 0.40 to
77 ppm (estimated value) in seven of the fifteen surface samples. Di-n-octyl phthalate
was detected at 3 and 12 (estimated value) ppm in two of the fifteen surface soil samples.
The only other SVOC detected in any of the fifteen surface soil samples was 0.92 ppm of
fluoranthene that was detected in the surface sample from bonng WL-218. Aroclor 1254
was detected in three (WL-114, WL-209 and WL-210) and pesticides were detected in
three (WL-209, WL-222 and WL-235) of the fifteen surface soil samples. Total
petroleum hydrocarbons (TPH) in the motor o1l range were detected in nine of the fifteen
surface soil samples and TPH diesel was detected in one of the fifteen surface soil
samples. Based upon the distribution of VOCs and SVOCs in the surface soil samples,
McLaren/Hart concluded “potential release of VOCs and SVOCs to the atmosphere does
not appear significant for the site”. McLaren/Han reached the same conclusion for
petroleurn hydrocarbons, pesticides, and PCBs.

Trace metals were detected above background levels in eleven of the fifteen
surface soil samples, two in Area 1 and mine in Area 2. The greatest number of
exceedances and the greatest magnitude of exceedances occurred in the surface soil
samples from borings WL-114, WL-206, WL-209 and WL-210. Exceedances of
background levels were detected most frequently for copper (10 of 15 samples) and lead
(8 of 15 samples). Additional discussion of trace metal occurrences is presented in
Section 8 of this report. Although trace metals were present in surface soils at levels
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above background, trace metals were not detected in either the upwind or downwind
fugitive dust samples obtained from either Area | or Area 2.

Review of the radiological data from the fugitive dust samples indicated that there
were no significant differences between the upwind and downwind sampling results in
either of the two radiological areas. Since these samples were collected within 40 {eet of
previously defined radiologically affected areas to simulate worst-case scenarios, it can
be concluded that there should be no radiological release from fugitive dust at the fandfill
boundary,

4.7.5 Data Quality Issues

As previously discussed, the initial radon data results couid not be used to
calculate radon flux values as required by the RIFS Work Plan, As a result, radon flux
measurements were performed as part of a supplemental field effort. No data quality
issues were identified in conjunction with the evaluation of the results of the
supplemental radon flux measurements performed by EMSI. No data quality issues were
identified with the surface soil sample anaiytical results. No data quality issues were
identified with the fugitive dust sampling results.

4.7.6 OQutstanding Issues Or Items

No outstanding issues remain with respect to radon, landfill gas, and fugitive dust
investigations,
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5.0 PHYSICAL CHARACTERISTICS OF THE STUDY AREA

This section of the RI describes the physical setting and characteristics of the
landfill area. The discussions presented below address the climatic conditions of the
area, current and potential land uses at and around the landfill, topography and surface
features, vegetation and wildlife present in the area, geologic conditions and
hydrogeologic conditions in the vicinity of the landfill.

5.1 Climate

The climate of the landfill area is typical of the Midwestern United States with a
modified continental climate that has four distinct seasons.

5.1.1 Temperature

Winter temperatures are generally not severe with the first frost usually occurring
in October and freezing temperatures generally not persisting past March. Records since
1870 show that temperatures drop to zero (0°F) or below an average of two or three days
per year. Temperatures remain at or below freezing (32°F) less than 25 days in most
years.

Summers in the St. Louis area are hot and humid. The long-term record since
1870 indicates that temperatures of 90 degrees Fahrenheit or higher occur on about 35 to
40 days per year. Extremely hot days of 100 degrees Fahrenheit or more generally occur
no more than five days per year.

5.1.2  Precipitation

Normal annual precipitlation based on records dating back to 1871 is a httle less
than 34 inches. Normal monthly precipitation as measured at nearby Lambert Field
International Airport is presented on Figure 5-1. Lambert field is located approximately
3.7 miles east of the landfill.

The three winter months are usually the driest, with an average total of
approximately 6 inches of precipitation. Average snowfall per winter season is.slightly
greater than 18 inches. Snowfall of an inch or more is received on five to ten days in
most years. Record snowfall accumulation over the past 30 years was 66.0 inches
recorded during the 1977 —78 winter season.
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The spring months of March through May are the wettest with normal total
precipitation of just under 10.5 inches. Thunderstorms normally occur 40 1o 50 days per
year. During any given year, a few of these storms can be classified as severe with hatl
and damaging wind. Tornadoes have occurred in the St. Louis area.

5.1.3  Wind Distribution

Between December and April, the predominant wind direction at Lambert Field is
from the northwest and west-northwest. Throughout the remainder of the year, the
predominant wind direction is from the south. Considering potential differences in
topography between Lambert Field and the landfill, the actual wind directions at the
landfill may be slightly different, possibly skewed in a northeast-southwest direction
parallel to the Missouri River valley.

5.2 Land Use

The landfill is located in a predominately industral area. The southem portion of
the landfill is zoned M-1 (manufacturing district, limited). The southernmost portion of
the landfill is permitted for active samitary landfill operations (Permit No.118912).
Although the northern portion of the landfill area 15 zoned R-1 (one family dwelling
district), residential land use has been precluded at the West Lake Landfill (including
Areas 1 and 2) by restriclive covenants recorded in May 1997 by each of the fee owners
against their respective parcels. These restrictive covenanis also prohibit use of
groundwater from beneath the landfill. Construction work, commercial and industrial
uses have also been precluded on Areas 1 and 2 by a Supplemental Declaration of
Covenants and Restrictions recorded by Rock Road Industries, Inc. prohibiting the
placement of buildings and restricting the installation of underground utilities, pipes
and/or excavation upon its property. These deed restrictions cannot be terminated
without the written approval of the then-owners, MDNR and EPA.

The property to the north of the landfill, across St. Charles Rock Road, is
moderately developed with commercial, retail and manufacturing operations. The Earth
City industnal park is located adjacent to the landfill on the west, across Old St. Charles
Rock Road. The nearest residential development, “Spanish Village”, is located to the
south of the landfill near the intersection of St. Charles Rock Road and 1-270,
approximately ¥ mile from Area | and one mile from Area 2. Mixed commercial, retail,
manufacturing and single family residential uses are present to the southeast of the
landfill. The land use zoning for the landfill and surrounding area is shown on Figure 3-
4.
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5.3 Surface Features

This section includes a description of the landfill topographic conditions, surface
soll conditions, runoff drainage patterns, and surface water bodies in the area.

5.3.1 Topography

The landfill is situated on the eastern edge of the Missouri River floodplain. The
Missouri River is located approximately two miles to the west of the landfill. The nver
flows in a predominantly north-northeasterly direction in the vicinity of the landfill at an
elevation of approximately 425 feet based on the National Geodetic Vertical Datum
{NGVD). The river is separated from the surrounding areas by a levee system
constructed to an average elevation of approximately 435 to 440 feet in this area
(McLaren/Hart, 1994).

The landfill is located in an area that is transitional between the floodplain
immediately to the west and the loessial blufis approximately one-half mtle to the east.
The edge of the Missouri River valley is oriented north to south in the vicinity of the
landfill. Prior to development of the landfill, the edge of the river valley was present near
the center of the landfill. As a result of placement of landfill matenals, the higher
topography associated with the loessial bluffs to the east has been extended further to the
wesl,

The topography of the area around the landfill is gently rolling ranging in
elevation from approximately 430 to 500 feet (NGVD). Ground elevations (exclusive of
the quarry areas) range from approximately 450 to 500 feet (NGVD) at the landfill. The
topography of the area has been significantly altered by quarry activities in the eastemn
portion of the landfill area, and by placement of mine spoils (unused quarry matenal) and
landfill materials in the westemn portion of the landfill area.

Area 1 is situated on the north and western slopes of a topographically high area
within the landfill. Ground surface elevation varies from 490 feet above mean sea level
(AMSL) on the south 10 452 feet at the roadway near the landfill property entrance.

Area 2 is situated between a topographic high of landfilled material on the south
and the Ford property on the north, The highest elevations are in the southwest of Area 2
where the flank of the topographic high of landfilled materials extends into this area. The
lopographic high in this area has a maximum elevation of approximately 500 feet sloping
to approximately 470 feet near the top of the landfill berm along the south side of the
Ford property. The northern portions of the landfill are bounded by a large berm. Asa
result, the upper surface of Area 2 s located approximately 20 to 30 feet above the
adjacent Ford property on the north and west and the north surface water body (discussed
in Section 5.3.3 below) that is located in the northernmost corner of the landfill. The
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ground surface of Area 2 is approximately 30 to 40 feet higher than the water surface in
the flood control channel (discussed in Section 5.3.3 below) that is located to the west of

Area 2.

The majority of Area 2 slopes Lo the north-northeast; however, the surface 1s
irregularly graded with elevations varying from 460 to 480 feet. A large topographic
depression is located near and along the northem berm of the landfifl. The elevation of
the bottom of this closed depression is 456 feet.

5.3.2  Surface Soils

According to the U.S. Soil Conservation Service (SCS), surficial soils along the
floodplain of the Missouri River generally consist of Blake-Eudora-Waldron association
while the surficial soils on the bluffs east of the river are the Urban Land-Harvester-
Fishpot association (SCS, 1982). The floodplain materials are described as nearly level,
somewhat poorly drained to well drained, deep soils formed in alluvial sediment. The
upland materials are urban land and nearly level to moderately steep, moderately well
drained 1o somewhal poorly drained, deep sotls formed in silty fill matenial, loess and
alluvium which are formed on uplands, terraces, and bottom lands.

Soils in the area of the landfill consist of the Freeburg-Ashton-Weller association,
which are nearly level to gently sloping, somewhat poorly drained, deep soils formed in
loess and alluvial sediment. The Freeburg silt loam 1s found on the terrace adjacent to the
eastern landfill boundary, while the Ashton silt loam is found to the east and south of the
south pit (including the landfill borrow area).

The Freeburg untt is identified as a somewhat poorly drained silt loam to silty
clay loam, up to 60 inches thick. The permeability of this soil is characterized by the
SCS as moderately slow (about 107 centimeters per second {cni/sec]), and the surface
runoff is medium. According to the SCS, a perched waler table is often present within
this unit in the Spring at a depth of 1.5 to 3 feet. The Freeburg unit’s suitability for
landfill cover material is described as fair due to its clay content {12 to 35%}) and
WELNess.

The Ashton unit is a weli-drained silty loam to silty clay loam, aiso up to 60
inches thick. The permeability of this unit is also moderately slow and the surface runoff
is medium. The suitability of the Ashion unit for landfill cover material is described as
fair due to the clay content (10 to 40%).

Soil materials present as cover materials in and on the surface of Areas | and 2
were derived primarily from onsite materials and from quarry fines consisting primarily
of shale materials. The only known exception to the use of on-site soils was the reported
use of approximately 39,000 tons of soil mixed with 8,700 tons of leached barium sulfate
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originating from uranium-ore processing operations which the landfill owner and
operator believe were used as cover materials.

5.3.3 Surface Water

Surface water runoff pattems for Areas | and 2 are presented on Figure 4-1.
Runoff from Area | ultimately flows into the surface water body located north of Area 2
(the north surface water body). Runoff from Area 2 flows into a closed topographic
depression located behind the landfill berm, into the north surface water body, or to the
south down the landfill access road and ultimately into the north surface water body. A
very limited volume of runoff may flow through the breach in the Area 2 berm down the
landfill slope and onto the margin of the Ford property. As discussed below, a portion of
Area 2 is bounded by the flood control channel; however, no runoff from Area 2 flows
into this water body.

5.3.3.1 Area | Drainage

The majonity of the runoff from Area 1 ultimately flows into the north surface
water body. Four locations (Weirs 1, 2, 3, and 4) where rainwater runoff flows from
Area 1 were identified (Figure 4-13). All four locations are located in the northern
portion of Area | and discharge into the drainage ditch located on the south side of the
landfill entrance road. Flow in this ditch occurs in a northeasterly direction and exits the
West Lake property through a culvert beneath the entrance road near the propenty fence-
line. From here, runoff flows in a ditch located along the west side of St. Charles Rock
Road and ultimately into the north surface water body located at the northernmost end of
the landfill.

As was discussed previously, the ground surface of Area 1 is irregular and some
of the runoff flows into and accumulates in several smal! topographic depressions in this
area. Standing water of up to six inches in depth has been reported to be present in these
topographic lows following precipitation events.

5.3.3.2 Area 2 Drainage

The majority of the runoff from Area 2 flows into the closed lopographic
depression located in the southeastern portion of Area 2. McLaren/Hart (1996b and
1996e) identified five locations at which runoff flows offsite from Area 2. Three of these
locations (Weirs S, 6 and 7) are at the top of the slope above the landfill berm in the
westerm portion of Area 2 above the buffer on the Ford property. These locations were
identified by the presence of erosional runnels. With the exception of one heavy storm in
mid-May 1995, flow was only observed at one of these locations. This location, Weir 5,
is located in the vicinity of the historic berm failure and resulting erosional runoff that led
to the accumulation of radtological impacted soil in the southem portion of the Ford
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property (Figure 4-13). At the other two locations, water has o pond up to a height
sufficient to over-top a berm at the top of the landfill slope before any flow will occur.
Based on observations made throughout the course of the RI field investigations, it was
concluded by MclLaren/Hart that this is not a frequent occurrence. Observations made by
EMSI also support this conclusion,

Two additional locations (Weirs § and 9) of offsite flow are located in the
southern portion of Area 2 near the roadway in the area used for storage of rolt-off bins
(Figure 4-13). These areas appear to be areas where runoff occurs primarily as sheet flow
and extensive erosional runnelling was not observed in this area. Runoff from the roll-off
storage bin area and the demoltion landfill area commingles with runoff from Area 2
near Weirs 8 and 9.

In the summer of 1997, weir 10 was installed downsiope from weirs 8 and 9.
Monitoring of storm events had indicated that only ponded water was present at weirs 8
and 9. As a result, only ponded water had been abtained from these locations. Wetr 10
was subsequently installed to attempt to sample flowing runoff from this area. However.
in placing weir 10 further downslope from weirs 8 and 9, the runoff flowing through weir
10 is a combination of runoff from both Area 2 and other areas outside of Area 2.

5.3.3.3 Off-Site Surface Water

There are two surface water bodies present in the vicinity of OU-1. These are the
north surface water body and the flood control channel associated with Earth City (Figure
4-13). There are two additional surface water bodies present, the surface water detention
pond and the leachate lagoon that are associated with the current landfilling operations.
As discussed above, runoff from Area 2 has not reached the flood control channel. In
addition, the surface water detention pond and the leachate lagoon are all hydraulically
1solated from Area 1 and Area 2 so they cannot receive any surface water runoff from
these regions.

The north surface water body receives water from the drainage ditch that
separates St. Charles Rock Road from the landfill. The body contains water throughouwt
the year, Measurements made by McLaren/Hart indicate a water level fluctuation
between approximately 435.4 and 437.3 feet (NVGD).

The flood control channel is part of an extensive set of interconnected channels
that are used to manage stormwater runoff within the Earth City Industrial Park. The
water level in the flood control channel varies throughout the year in response to
variations in precipilation and changes resuiting from pumping by Earth City of water
from the flood control channel to the Missour: River. Measurements made by
MecLaren/Hart indicate a water level fluctuation between approximaiely 432.5 and 434.5
(NVGD).

Rl Report

West Lake Landfill OU-!
04/10°00

Page b6



5.4 Biola

An assessment of the plant communities present at the landfill, the potential for
the presence of threatened or endangered species and a description of the types of wildlife
observed to be present at the landfill was performed by McLaren/Hart (1996¢) as part of
the RI/FS investigations. The results of this survey are presented in the McLaren/Hart
report and are briefly summarized below.

5.4.1 Plant Communities

Three types of plant communities were identified in Areas 1 and 2. Plant species
identified in both areas are summarized in Table 5-1. These include old field and
hydrophilic plant communities identified in both Areas | and 2 and a forest plant
community identified in Area 2 only. The old field plant communily consists of open
areas dominated by weedy species such as herbs, grasses and occasional sun-loving, fast-
growing trees. Old fields typically contain annual, biannual and perennial herbaceous
plants, mixed among grasses and a few pioneer woody species (Kricher and Morrison,
1988). The hydrophilic communities are defined as areas, irrespective of size, that
contain ponded water or vegetation lypically adapted for saturated soil conditions.
Forested plant communities are dominated by woody plant species (trees) that have a
well-developed canopy and under-story (Kricher and Mormison, 1988).

A fourth plant community, a maintained field community, was identified in areas
adjacent to the landfill. Maintained field communtties consist of open areas dominated
by grass species. These areas are maintained by mowing at a frequency of approximately
ONce per year.

5.4.1.1 Area 1 Plant Communities

Area | consists predominantly of old field community dominated by grasses and
various herbaceous plant species interspersed with six small depressions dominated by
hydrophilic vegetation (Figure 4-2). The old field community in Area 1 was dominated
by various grass species such as bluestem, foxtail, and other grasses. Other dominant
herbaceous species noted include goldenrod, nodding thistle and curled dock. Other
species noted included common plantain and field pennycress. No woody species were
observed to be dominant in Area 1.

Six small isolated areas of hydrophilic plant communities were identified in Area
I (Figure 4-2). These species included herbaceous vegetation such as rushes, curled
dock, and cattail. A green alga, Sprirogyra spp., was also present in two areas in which
standing water was observed. All of the hydrophilic communities were present in small
surface depressions in the landfill cap that likely are the result of differential landfill
subsidence over time and resultant poor surface drainage.
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5.4.1.2 Area 2 Plant Communities

Area 2 plant communities include an old field community, a forested berm area
dominated by woody vegetation and small isolated hydrophilic communities containing
cartails and other hydrophilic species (Figure 4-3). The oid field plant community
dominates the majoritly of Area 2. This community is present over the majority of the
landfill surface between the landfill bermi on the north and west margins of this area and
the active landfill operations located to the east and south of this area. The old field
community in Area 2 was dominated by invasive herbaceous species such as nodding
thistle, yellow sheet clover and goldenred. Various grass species were also noted (o be
present. Woody species including nunmerous younyg stands of staghorn sumac and eastern
cottonwoods were also present in Area 2.

The landfill berm along the north and west boundaries of Area 2 contains a forest
plant community. This community consists of predominantly woody species including
eastern cottonwood, witlows, dogwoods and ash trees. A species of grape was the
dominant vine present in the forested community of Area 2. Bedstraw and other old field
species are present along the edge habitat between the forest community and the old field
community.

Ten small isolated areas containing plant species typical of hydrophilic
communities were identified in Area 2 (Figure 4-3). In most of these areas, cattails were
the only, or the dominant species present. Similar 10 Area 1, these areas are present in
small depressions presumably the result of differential settlement in the landfill cap and
resultant obstruction of the surface water drainage in these areas.

5.4.1.3 Plant Communities in Other Areas at or Near the landfill

Plant communities were characterized for three other areas adjacent to Areas 1
and 2. These include the north surface water body, the south flood control channel and
the uncultivated portion of the Ford property north of Area 2.

The north surface water body 1s located to the northeast of Area 2 at the
northernmost corner of the landfill property. A forest-type plant community that includes
eastern cottonwoods, ashes, dogwoods, and willows dominate the edges of this surface
water body. The canopy cover and under-story are dense in the vicinity of Area 2. The
vegetation associated with the north surface water body is a continuation of the adjacent
plant community located on the landfill berm on the north and west margins of Area 2.
The banks of the north surface water body are not well defined and at the time of the
plant assessment, water flow appeared 10 be very slow to non-existent in the north surface

water body.
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The south flood control channel is located off of the landfill on property
associated with the Earth City development. A fence restricts access to the landfill from
or to the south flood control channel. The south flood control channel consists of well-
defined, man-made bed and banks. The shores of the flood control channel consist of a
maintained field community.

The Ford property located to the north and west of Area 2 consists of an old field
community. This area is not currently farmed and has not been farmed since the 1980’s.
Dominant plant species in this area include nodding thistle, goldenrod, daisy fleabane,
yellow sweet clover and vanous grasses.

5.4.2 Threatened and Endangered Species

Federal and State listings of threatened and endangered species were requested
from the U.S. Fish & Wildlife Service (USFWS) and from the Missouri Department of
Conservation (MDOC) by McLaren/Hart as part of their activities related to preparation
of the RI/FS Work Plan (McLaren/Hart, 1994). The USFWS responded that “No
federally-listed endangered or threatened species occur in the project area” (USFWS,
1994). The MDOC responded that “Department staff examined map and computer files
for federal and state threatened and endangered species and determined that no sensitive
spectes or communities are known to occur on the landfill property or surrounding area”™
{MDOC, 1994).

Subsequent to these letters, Ms. Cherri Baysinger-Daniels of the Missoun
Department of Health (MDH) stated that on October 23, 1994 she observed a Western
Fox Snake (Elaphe vulpina vulpinag), a Missouri state-listed endangered species, at the
landfill. The western fox snake is a marsh-dwelling member of the rat snake group
(MDOC, 1992). This snake is believed to be an inhabitant of open grasslands and the
borders of woods. In Missoun, the fox snake has been found near large natural marshes
(MDOC, 1992). The western fox snake has currently been documented to be present
only in St. Charles and Lincoln counties (MDOC, 1994 and 1995).

In response to Ms. Baysinger-Daniels’ observation, McLaren/Hart requested
another data base search of the western fox snake’s distribution in Missouri
(McLaren/Hart, 1996¢). This second search indicated that there were no records of
occurrences of the western fox snake reported for St. Louis County, Missouri. If Ms.
Baysinger-Daniels’ preliminary observation had been verified, the presence of the
western fox snake at the landfill would represent a new location for this species and a
new county record. A voucher specimen is required to adequately document a new
county record (MDOC, 1995). A photograph of a specimen, showing both the dorsal and
ventral views, would suffice as a voucher specimen (MDOC, 1995). As a voucher
specimen was not obtained, Ms. Baysinger-Daniels’ observation alone is insufficient to
verify an occurrence of the western fox snake in St. Louis county.
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During the field survey, McLaren/Hart examined areas most likely to be inhabited
by the western fox snake in an effort 10 verify and document Ms. Baysinger-Daniels’
observation. Each vegetative community, with emphasis on marshy areas, was
qualitatively examined for the presence of the western fox snake or other reptiles. The
replile search was performed concwrently with the evaluation of the vegetative
communities. Basking areas, large rocks, logs and pieces of plywood were examined for
the presence of snakes. No specimens of the westem fox snake were observed during the
biological survey or during any of the other RI/FS field investigations.

543  Area Wildlife

Numerous species and signs of species of wildlife were observed to be present in
the landfill area during the activities associated with the biological survey. Deer tracks
(Odocoileous spp.) were noted by McLaren/Hart (1996¢) in Radiological Area 2 and on
the adjacent Ford property. Based on the home range of deer, it is likely that all areas of
the landfill are accessible to this species. Rabbits (Svivilgus floridanus) or signs of
rabbits were observed in Radiological Areas 1 and 2, areas surrounding the north surface
water body and the Ford property. It is likely that rabbits are cosmopolitan throughout
the landfill and surrounding area. Other cosmopolitan species include red-winged black
birds (deglaius phoeniceus), robins (Turdus migratorius) and occasionally crows (Corvus
brachynchos).

A great blue heron (Ardea herodias), a piscivorous bird, was observed {lying
above the landfill and landing in the south flood control channel (McLaren/Hart, 1996c¢).
This species is likely to use aquatic habitats both on and offsite, but it will feed only in
those waters containing prey species of fish and amphibians.

Several pellets containing fur were observed in Areas 1 and 2 and a relatively
large den was observed in the landfill berm along the northwest side of Area 2
{McLaren/Hart, 1996¢). These pellets and the den were possibly due to coyotes (Cunis
larrans), red fox (Vulpes) or possibly both. The home range of these species is large
enough to include the entire landfill and the presence of rabbits suggests a food source for
these species (McLaren/Hart, 1996¢).

5.5 Subsurface Features

The subsurface conditions beneath the landfill consist of municipal refuse,
construction and demolition debris, other wastes and the associated soil cover materials,
alluvial deposits and limestone, dolomite and shale bedrock.
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5.5.1 Geology

The bedrock geology of the landfill area consists of Paleozoic age sedimentary
rocks that in tum overly Pre-Cambrian age igneous and metamorphic rocks. The
Paleozoic bedrock is overlain by unconsolidated alluvial and loess deposits of recent
(Holocene) age. A generalized straiigraphic column for the St. Louis area 1s presented on
Figure 5-2.

5.5.1.1 Bedrock Geology

The lowermost bedrock units beneath the Jandfill area consist of Pre-Cambrian
igneous and metamorphic rocks that are overlain by cherty dolomite, siitstone, sandsione
and shale of Cambrian age. These deposits are overlain by approximately 2,300 feet of
limestone, dolomite, shale and sandstone of Ordovician age which in turn are overlain by
approximately 200 feet of cherty limestone’s of Silurian age. Devontan age sandstone,
limestone and shale deposits lie unconformably on the Silurian age deposits.

The uppermost bedrock units in the vicinity of the landfill consist of
Mississippian age limestone and dolomite with inter-bedded shale and siltstone layers of
the Kinderhookian, Osagean, and Meramecian Seres. The Kinderhooktan Series s an
undifferentiated limestone, dolomitic limestone, shale and siltstone unit ranging in
thickness from 0O to 122 feet in the St. Louis area. The Osagean Series consists of the
Fern Glen Formation, a red limestone and shale, and the Burlington-Keokuk Formatton, a
cherty limestone. The Fern Glen Formation ranges in thickness from 0 to 105 feet and
the Burlington-Keokuk Formation ranges from 0 to 240 feet thick in the St. Louis Area.

The Meramecian Series overlies the Osagean Series rocks. The Meramecian
Series consists of several formations including the Warsaw Formation, the Salem
Formation, the St. Louis Formation, and the St. Genevieve Formation. The St. Genevieve
Formation is reportedly not present in the vicinity of the landfill (Golder, 1996a).

Pennsylvanian-age Missounian, Desmoisian, and Atokan formations are present in
some areas above the Mississippian-age rocks. The Pennsylvanian-age rocks consist
primarily of shale, siltstone, and sandstone with silt and clay. These formations range in
combined thickness from 0 to 375 feet in this area. The Atokan-Series Cheltenham
Formation was identified as being present in the landfill seil borrow area located in the
southeastern cormner of the landfill.

The following sub-sections provide additional detailed information regarding the
uppermost bedrock units beneath the landfill. Additional information on the bedrock
conditions beneath the landfill is contained in the Physical Characterization Technical
Memorandum for the West Lake Land(fill, Operable Unirt 2, Bridgeton, Missouri prepared
by Golder Associates, Inc. (1996a).
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5.5.1.1.1 Keokuk Formation

Four boreholes drilled by Golder Associates Inc. (Golder) penetrated into the
Keokuk Formation. Based on information obtamed from these boreholes, the Keokuk
Formation beneath the landfill was generally identified as a fresh to slightly or
moderately weathered, thin- to medium-bedded, very light gray to light olive, medium- to
coarse-grained, medium strong, fossiliferous limestone (Golder, 19962). Dolomite and
dolomitic limestone beds as well as chert layers and nodules were observed by Golder
{1996a) 1o be present with the Keokuk Formation. The limestone units of the Keokuk
Formation were variously described as siliceous and arenaceous (sandy) as well as porous
and vuggy.

Fractures were infrequently (generally less than two fractures per foot} identified
in the Keokuk Formation and were generally described as irregular and rough (Golder,
1996a). Some fractures were reported to be bedded and planar (Golder, 1996a). Golder
{1996a) identified open vugs and/or porous zones in the lower portion of the formation
below an elevation of 100 feet above mean sea level {AMSL).

The Keokuk Formation was encountered in the site boreholes at depths of 365 to
375 feet below ground surface along the eastern edge of the active sanitary landfill at
elevations ranging from 115 to 126 feet AMSL (Golder, 1996a). Along the western edge
of the active sanitary landfill, the Keokuk Formation was encountered at depths of
approximately 345 feet below ground surface {elevation of 115 feet AMSL).

5.5.1.1.2 Warsaw Formation

The Warsaw Formation was generally described as being a fresh and thickly
bedded limestone with numerous beds of calcareous claystone and fossiliferous limestione
beneath the landfill (Golder, 1996a). Various portions of the Warsaw Formation were
descnbed by Golder (1996a) as arenaceous (sandy) or argiilaceous (clayey). Many
interbeds of dolomite, claystone, silistone, clayey siltstone, and stlty claystone were also
observed to be present (Goider, 1996a). The limestone beds were very fine- to very
coarse-grained or micro- (o coarsely crystalline ranging in color from dark greenish gray
to olive black (Golder, 1996a). The beds of this formation were characterized by vuggy
porosity (Golder, 196a).

The lower portion of the Warsaw Formation is reported to consist primarily of
thin- to medium-bedded limestone, which includes thin chert layers and small chert
nodules. The lower portion of the Warsaw Formation grades into the upper portion of the
Keokuk Formation. The upper portion of the Warsaw Formation was characterized by a
2.5 10 10 foot thick claysione or siltstone layer commonly referred to as the Warsaw
Shale (Golder. 1996a).
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Fractures in the Warsaw Formation were rare and generally did not exceed a
frequency of one fracture per foot {Golder, 1996a). Fractures observed by Golder
(1996a) were reporied to be generally jointed, iregular or planar, and rough or smooth.
Clay infilling of joints was common (Golder, 1996a).

The Warsaw was encountered in boreholes dnlled by Golder (1996a) at about 245
below ground surface (approximately 240 feet AMSL) near the eastern edge of the active
sanitary landfill. Along the western edge of the active sanitary landfill, the Warsaw
Formation was encountered at depths ranging from about 200 to 210 feet below ground
surface, equivalent to an elevation of about 250 to 260 feet AMSL (Golder, 1996a).
These elevations reportedly roughly correspond to the base of the old quarry pit
indicating that the quarrying terminated at the top of the Warsaw Formation (Golder,
1996a). The thickness of the Warsaw Formation encountered beneath the landfill area
ranged from about 130 to 145 feet.

5.5.1.1.3 Salem Formation

The Salem Formation lies above the Warsaw Formation. The Salem Formation
beneath the landfill area was described by Golder (1996a) as a fresh, thinly- to thickly-
bedded, pale-yellowish brown to light olive gray limestone. The limestone was variously
descnbed as argillaceous or arenaceous, bioclastic, fossiliferous, or fossiliferous
dolomitic imestone. Interbedded dolomitic layers were common and chert clasts,
nodules and layers were scattered throughout the formation at varying frequencies
(Golder, 1996a).

Fracturing is reported (Golder, 1996a) to be rare in the Salem Formation with
fracture frequencies of zero to one fracture per foot in the lower portion of the formation
increasing to up to two fractures per foot in the upper portion (Golder, 1996a). The
fractures primarily consisted of joints with surfaces varying from irregular and rough to
planar and smooth.

The Salem Formation was encountered during dnlling performed by Golder
{1996a) at depths of approximately 165 feet below ground surface (about 320 feet
AMSL) along the eastern edge of the active sanitary landfill. Depths to the top of this
formation ranged from approximately 115 to 135 feet below ground surface {about 328 to
340 feet AMSL) along the western edge of the active sanitary landfill (Golder, 1996a).
The thickness of the Salem Formation ranges between 67 and 83 feet beneath the landfill
area (Golder, 1996a). '
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551014 St. Louls Formation

The primary bedrock unit beneath the landfill area is the St. Louis Formation
which has generally been described as consisting of inter-bedded fresh to slightly
weathered limestone and dolomite (Golder, 1996a). Based upon observations of core
samples, Golder (1996a) described the St. Louis Formation beneath the landfill area as a
very light gray to olive gray, fine to medium crystalline or fine- to medium-grained
limestone inter-bedded or inter-layered with lesser amounts of claystone and siltstone,
The limestone beds ranged from thin to very thick and were variously charactenized as
arenaceous, argillaceous, dolomitic, or clastic (Golder, 1996a). The St. Lows Formation
grades downward into the underlying Salem Formation (Golder, 1996a).

Fractures were identified by Golder (1996a) n the core samples of the St. Louis
Formation at frequencies of zero to ten fractures per foot with the fractures generally
classified as jointed, irregular, or rough. The fractures were generally infilled with clay.
Stylolitic {column-like) joints were also reportedly observed (Golder, 1996a).

The top of the St. Louis Formation was encountered during drilling by Gelder
(1996a) at depths ranging from 14 to 52 feet 1o between 20 and 110 feet below ground
surface along the eastem and western edges of the active sanitary landfill, respectively.
The elevation of the top of the St. Lowis Formation ranges from between 425 and 460 feet
AMSL beneath the eastern portion of the active sanitary landfill to between 379 and 442
AMSL beneath the western portion of the active sanitary landfili (Golder, 1996a). These
vantations in the depth to and elevation of the top of the St. Louis Formation reflect the
presence of the edge of the buried Missouri River valley beneath the site and the presence
of the limestone bluffs upon which the limestone quarry was sited (Golder, 1996a). The
thickness of the St. Louis Formation ranges from approximately 65 to 130 in the areas
adjacent (o the active sanitary landfill.

55.1.1.5 Cheltenham Formation

The Cheltenham Formation was only encountered near the surface at one Jocation
{PZ-301-SS) in the southern portion of the former landfill borrow area which is located to
the south of the landfill property, south of the active sanitary landfill. The Cheltenham
Formation reportedly consists of clays and associated clastic deposits (Golder, 1996a).
The clays are reported to be mostly white to light- or medium-gray purplish to red;
however, at the landfill the claysfone of this formation were found to be predominantly
olive to greenish gray to light brownish gray (Golder, 1996a). Thin limestone, siltstone
and coal beds were also present in the formation (Golder, 1996a).

At PZ-301-SS, the Chelienham Formation was identified from 19.1 1o 71.5 feet
below the ground surface (Golder, 1996a). With exception of the upper 10 feet, cores
obtained from this formation were relatively unfractured (Golder, 1996a).
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5.5.1.2 Unconsolidated Materials

Unconsolidated matenals at the [andfill consist primarily of alluvium and loess.
During the late Pleistocene period loess consisting primarily of windblown silt with lesser
amounts of clay was eroded from glacial outwash deposits by wind action and re-
deposited as windblown deposits. Loess deposits range up lo 80 feet thick along the
bluffs and hilis to the east of the landfill; however, the loess deposits at the landfill are
relatively thin (Golder, 1996a). Silty clay and clayey silt deposits were identified with
thickness from 13 to 22 feet along the eastern edge of the active sanitary landfill (Golder,
1996a). Loess was not commonly encountered along the western edge of the aclive
sanitary landfill and where encountered in the western portion of the landfill, these
deposits were about 10 to 15 feet thick and were occasionally found to be interbedded
with the underlying alluvial deposits.

Alluvial deposits in the landfill area typically consist of fine-grained materials
{clay and silt) overlying coarse-grained (sand and gravel) materials. The coarse grained
matenals primarily consist of poorly sorted sands and have been interpreted to be the
result of point bar deposits associated with the Missouri River (Golder, 1996a). The finer
grained deposits have been interpreted to be the results of overbank deposits associated
with the Missouri River floodplain. The thickness of the alluvial deposits and the depth
1o the top of bedrock increase from the eastern to the western portions of the landfill area.
This increase in depth results from the presence of the buried alluvial valley beneath the
western portion of the landfill. Along the westerm portion of the active samitary landfill,
in the vicinity of Area 1, the alluvial deposits are up (o 120 feet thick. Figure 5-3
presents a northeast-southwest cross-section through Area 1 and Figure 5-4 presents a
northeast-southwest cross-section through Area 2.

5.5.2 Landfill Deposits

The various areas of landfill activities were previously described in Section 3.2.
The deposits associated with past landfilling primarily include municipal refuse,
construction and demolition fill, and associated soil cover. The thickness of the landfill
deposits varies from 11 to 56 feet with an average thickness of approximately 36 feet in
Area | and approximately 30 feet in Area 2. The depth and configuration of the landfill
deposits varies between each of the various areas of prior landfilling activities. The
amount vanation depending in part upon the pre-landfill topography and the effects of
pre-landfill disturbances (e.g. mining activities) at the landfill, the amount of above-grade
disposal that took place and the type of waste materials disposed. The description of the
nature and configuration of the solid waste matertals associated with the active landfill
has been developed as part of OU-2 (Golder, 1996a and Water Management Consultants,
1997). The configuration of the radiologically impacted materials in Radiological Areas
I and 2 are addressed as part of the discussions of source areas in Section 6 of this report.
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The landfill matenals consist primarily of household trash and construction and
demolition debris. Based upon observations made by McLaren/Hart during the soil
boring program, there appears to be minimal soil material or sotl layers within the landfill
debris. Where soil was encountered during the boring program, it was generally one o
two feet thick or less. The soil material encountered during the boring program consisted
of silt and sand with some gravel. The greatest soil thickness encountered during the
boring program was found al the ground surface where the soil thickness was reported by
McLaren/Hart to commonly be three to five feet thick.

With the exception of the limited information presented in the McLaren/Hart Soil
Boring and Surface Sampling Report (McLaren/Hart, 1996h), little information has been
developed on the nature and thickness of the soil cover that exists over Areas 1 and 2.
None of the pre-RI reports contain any drilling or borehole logs or other information on
the nature of the materials encountered during dnlling. Borehole logs developed by
McLaren/Hart as part of their drilling and well installation efforts do contain descriptions
of the materials encountered; however, the soil cover materials were generally not
described separately from the landfill materials as large diameter augers were used 1o
drill these borings. Review of the field logs indicates that were the cover maternials were
described by McLaren/Hart’s field personnel, they generally consisted of less than one to
up to approximately 5-feet of sandy or clayey silt.

EMSI did drill four borings along the west side of Area 1. Soil cover materials
encountered by EMSI during our drilling efforts were described as a loose, slightly moist,
mottled gray, brown clayey sand grading 1o gray clayey sand at a depth of 30 inches. The
total thickness of soil cover materials encountered at the four locations drilled by EMSI
vanied from approximately 24 to 60 inches.

A generalized description of the landfill cover conditions can be developed based
on the limited information available from the boring logs and general observations made
during the vanious field activities, particularly the radon flux measurements. Based on
this information, the landfill cover matenals over Area 1 can be described as
approximately three to five feet of well-vegetated clayey sand or sandy, silty clay. The
cover materials over Area 2 can be described as approximately one 1o two feet of well to
poorly vegetated clayey, silty sand or sandy, silty clay. The soil cover over Area 2
contains some concrete chunks of other pieces of construction/demolition debris. Parts of
the central portion of Area 2 contain little to no vegetative cover indicative of a thin
and/or rocky cover material with limited to no ability to support vegetation.

5.6 Hydrogeology

The hydrogeology of the landfill area is dominated by a water table aquifer
contained within the alluvial materials beneath the landfill and minor groundwater
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present within the limestone and dolomite bedrock units beneath the landfill area.
Perched water is also locally present within the land{ill deposits.

This section presents a brief overview of the regional hydrogeology. Additional
detailed information regarding groundwater occurrences, potentiometric levels and
hydraulic properties of the bedrock aquifers beneath the landfill can be found in the
Physical Characterization Technical Memorandum for the West Lake Landfill, Operable
Unit 2. Bridgeton, Missouri prepared by Golder Associates, Inc. (1996a). A detailed
discussion of the hydrogeotogic conditions with respect to the alluvial aquifer beneath the
landfiil 1s presented after the overview of the bedrock aquifer conditions.

5.6.1 Regional Hydrogeology

Groundwater ts present in both the bedrock umits and the unconsolidated
materials. The major bedrock aquifers of the St. Louis area include the Cambrian-age
Potosi Dolomite and the Ordovician-age Gasconade Dolomite, Roubidoux Formation and
St. Peter Sandstone.

The Potosi Dolomite is up to 324 feet thick and occurs at an average depth of
2,240 feet in the St. Louis area. The Gasconade Dolomite and the assoctated Gunter
Sandstone occur in thickness of up to 280 feet in the St. Louis area. These units are
overlain by the Roubidoux Formation, which ranges from 0 to 177 feet thick in the St.
Louis area. The average depth of the Roubidoux Formation is approximately 1,930 leet.
The St. Peter Sandstone lies at a depth of approximately 1,450 feet below ground surface
and can be as much as 160 feet thick. It should be noted that the thickness and depth of
these formations vary throughout the St. Louis area, and they may not be present in some
places. Due to their depth, these formations are generally not used as a source of potable
water. The deeper Cambrian and Ordovician-age aquifers are separated from shailower
units by the Ordovician-age Maguoketa shale that appears to provide confinement for the
underlying deeper aquifers.

Mitler et al. (1974) describes the uppermost regional aquifers present in the
Silurian, Devonian, Mississippian and Pennsylvanian- age rocks, as yielding small to
moderated quantities of water ranging from 0 to 50 gpm. The Mississippian-age
Mermecian Series rocks (including the Warsaw, Salem and St. Louis Formations), that
underlie and are present immediately to the west of the landfill, are not identified as
favorable for groundwater development due to their generally low yield (less than 50
gallons per minute [gpm]) (Miller et al., 1974),

The major alluvial aquifers in the area are differentiated to include the
Quaternary-age alluvium and the basal parts of the alluvium underlying the Missouri
River floodplain. These floodplain alluvial aquifers are typically exposed at the surface
and can be as much as 150 feet thick (Miller et al., 1974). Alluvial wells completed in
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the Mississippi and Missouri River floodplains are capable of yielding more than 2,000
gpm (Emmett and Jeffery, 1968).

5.0.2 Landfill Hydrogeology

This section describes the hydrogeologic conditions beneath and in the vicinity of
the landfill. As the focus of the OU-1 hydrogeologic investigations was on the alluvial
aquifer, the following discussion also focuses on the alluvial aquifer. [nvestigations of
the bedrock aquifer conditions beneath the landfill have been performed as part of the
QOU-2 RI/FS effort. Results of these investigations are summanized in the Physical
Characterization Technical Memorandum for the West Lake Landfill. Operable Unit 2.
Bridgeton, Missouri prepared by Golder Associates, Inc. (1996a) and the Site
Charuacterization Summary Report for West Lake Landfill, Operable Unit 2, Bridgeton,
Missours prepared by Water Management Consultants, [nc. (1997).

5.6.2.1 Groundwater Occuirence

The landfill 1s located on the eastern edge of the historic Missoun River Vailey
along the transition between the alluvial floodplain to the west and the loess bluffs to the
east. Alluvial deposits of varying thickness underlie Radiological Areas |1 and 2. Based
on the results of the soil borings, the thickness of the landfill debns beneath Areas 1 and
2 varies from 11 to 56 feet, with an average thickness of approximately 36 {eet in Area |
and approximately 30 feet in Area 2. The underlying alluvium increases in thickness
from east to west beneath Area |. The alluvial thickness beneath the southeastern portion
of Area 1 is less than 5 feet (bottom elevation of 420 feet AMSL) while the thickness
along the northwestern edge of Area | is approximately 80 feet (bottom elevation of 370
feet AMSL). The thickness of the alluvial deposits beneath Area 2 is fairly uniform at
approximately 100 feet (bottom elevation of 335 feet AMSL).

During the Rl investigations, groundwater was generally encountered in the
alluvium beneath the landfill materials. Groundwater generally was not encountered
within the landfill deposits. Continuous groundwater was first encountered in the alluvial
materials near or immediately below the base of the landfill debris. The only exception
was the presence of localized zones of perched water encountered within the landfill
deposits. Isolated bodies of perched water were encountered in two of the 24 soil borings
drilled in Area 1 and six of the 40 soil borings drilled in Area 2 as part of the RI field
investigations. The perched water generaily occurs in small isolated units at depths
varying from five to 30 feet below ground surface (Figure 4-10). '
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5.6.2.2 Groundwater Levels and Elevations

Monthly groundwater levels were measured in various wells (Figure 4-11) during
the first year of the OU-1 RI investigations and on a quarterly basis during the second
year. The depth to water measurements and resulting groundwater elevation data is
included on Tables 4-3 and 4-4. Additional groundwater level data was obtained as pan
of the OU-2 RI effort and 1s presented in the Physical Characterization Technical
Memorandum for the West Lake Landfill, Operable Unit 2, Bridgeton, Missouri prepared
by Golder Associates, Inc. (1996a).

Water level data obtained as part of the OU-1 Rl indicate that with the exception
of the localized perched water conditions encountered in isolated areas within the landfill,
groundwalter generally occurs only in the underlying alluvium at or below the base of the
landfill materials. Depths to groundwater vary from 15 to 20 feet in areas adjacent to the
landfill. Exceptions were noted in wells MW-103 and MW-104 located along Old St.
Charles Rock Road, adjacent to the flood control channel and in wells I-66 and 1-67
located along the northeastern boundary of the landfill property, adjacent to St. Charles
Rock Road. Water levels in these four wells ranged from approximately 5 to 10 feet
below ground surface. Water levels beneath the landfill vaned from 20 to 60 feet beneath
the landfill boundaries. This difference in the depths to groundwater beneath the landfill
compared to areas adjacent to the landfill is the result of the increased elevation of the
surface of the landfill compared to surrounding areas.

Review of the water level data (Table 4-4) indicates that the groundwater
elevations in the vicinity of the landfill vary seasonally. The lowest groundwater levels
occurred during the fall and winter months (September through March) while the highest
levels occurred during the spring and summer months (April through August). These
variations are consistent with the variations in precipitation previously discussed.

5.6.2.3 Hydraulic Gradient

Review of the RI water level data (Table 4-4) indicates that only a very small
amount of rehef (less than one foot) exists in the water tabie surface beneath the landfill.
The horizontal hydraulic gradients within the alluvial matenals are very low, ranging
from approximately 0.001 to less than 0.0001 feet per foot. Steeper gradients ranging up
to 0.005 or more feet per foot were identified to the south-southwest of the landfill. The
steeper gradients in this area result primartly from higher water levels encountered in
several off-site, upgradient monitoring wells (MW-107, S-80, and PZ-300AS) present in
this area. Groundwater may exist in a perched condition in this area resulting in
artificially high water levels. As these wells are located offsite at distances of
approximately one-half mile from the landfill boundary, the source of the higher water
levels in these wells cannot be ascertained {rom the available data.
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Figures 5-3, 5-4, 5-5 and 5-6 present the water table level elevations from the
uppermost wells (shallowest) completed beneath and near the landftll. Contours of lines
of equal water table elevation have been included on these maps. Only one consistent
feature can be identified from review of these maps, that is the depression in the water
table associated with the ongoing leachate extraction at the active sanitary landfill. Due
to the low amount of relief and consequently the extremely low hydraulic gradients
present beneath the landfill area, other “features™ that may be identified on any one of the
water table maps are not considered to be significant. These “features” are considered to
be artifacts of the contour effort and are not reflective of any particular condition
associated with the landfill. This is supported by the fact that, with the exception of the
water table depression associated with the active sanitary landfill, the shapes of the
vartous contours are not consistent among the various events. Therefore, the shape of the
water {able contours should not be strictly interpreted as a representation of the water
table. The water table beneath the landfill area can best be descrnibed as extremely flat
with little variation or relief.

Review of the waler level data (Table 5-2) obtained from the various clusters of
wells completed (screened) at different depths within the alluvium indicates that
generally there is little if any vertical hydraulic gradient present within the alluvium
beneath the landfill. Most of the well clusters displayed similar water levels for the
shallow, intermediate and deep portions of the aquifer. Slight downward gradients
(approximately 0.001 feet per foot or less) were tdentified in some of the well clusters
during some of the monitoring events. Strong downward trends were identified in two
well clusters, between wells S-80 and [-50 which are located off-site to the southwest and
upgradient of the landfill, and at wells S-82, [-9, and D-93 which are located along the
western boundary of the landfill near the flood control channel. Both of these well
clusters displayed strong downward gradients on the order of approximately 0.25 feet per
foot for the S-80 / 1-50 well cluster to approximately .02 feet per foot for the 5-82/1-9/
D-93 well cluster,

Additional information on hydraulic gradients was obtained as part of the RI/FS
effort for OU-2. The measurements obtained and evaluations performed as part of the
OU-2 effort also confirm the presence of flat hydraulic gradients within the alluvial
aquifer beneath the landfill. Measurements made as part of the OU-2 effort (Golder,
1996a) indicated even lower horizontal hydraulic gradients (on the order of 0.0001 feet
per foot or less) than those measured as part of the OU-1 effort. Results of the QU-2
evaluations indicated that the vertical hydraulic gradients for the shallow alluvium to the
intermediate or deep alluvium were generally negligible, ranging from very slightly
downward to very slightly upward (Golder, 1996a).

Golder (1996a) also obtained information on the horizontal and vertical gradients
within the bedrock aquifers beneath the landf{ill. In general, the regional horizontal
gradient within the bedrock formations beneath the landfill, based on water level
measurements obtained from wells completed in the Keokuk Formaltion, is assumed (o be
to the west and northwest, towards the Missouri River. In the vicinity of the active
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sanitary landfill, groundwater flow within the Salem and St. Louis Formations 1s toward
the active sanitary landfill in response to the leachate collection activities at the active
sanitary landfill. In general, the horizontal hydraulic gradients within the bedrock
formations range from 0.004 to 0.04 feet per foot with the steeper gradients present near
the active landfill. Vertical hydraulic gradients were found to be upward, ranging from
0.05 to 0.62 feet per foot upward, from the Keokuk Formation through the Warsaw Shale
to the Salem Formation. Downward vertical hydraulic gradients of between 0.03 and
(.38 feet per foot were observed between wells/piezometers completed in the St. Louis
and the Salem Formations. Additional information on the bedrock hydrogeoclogic
conditions can be found in the Physical Characterization Technical Memorandum for the
West Lake Landfill. Operable Unir 2, Bridgeton, Missouri prepared by Golder Associates,
Inc. (1996a).

5.6.2.4 Hydraulic Conductivity and Porosity

Aquifer testing consisting of slug tests was performed on 18 wells located
throughout the landfill as part of the OU-1 RI/FS. Slug tests were conducted (o assess the
hydraulic conductivity of the alluvial materials beneath the landfill. Testing was
performed on six shallow ailuvial wells (wells completed near the top of the alluvial
materials immediately below the landfill matenals), six intermediate wells and six deep
wells (wells completed near the base of the alluvium near the bedrock contact). The
methods used to analyze the slug test results were previously descrnibed in Section 4.5.2.4
and are described in detail in the 1996 McLaren/Hart Groundwater Conditions Report.

Results of the aquifer testing indicated that the alluvial materials possess
hydrauhc conductivity values on the order of 3 x 107 centimeters per second (cmy/sec)
ranging from approximately 9 x 10% to 9 x 10" cmvsec. Although the amount of
avatlable data is limited, these results indicate that the hydraulic conductivity values are
slightly greater in the lower portions of the alluvium. A summary of the hydraulic
conductivity values obtained from the QU-1 aquifer testing 1s presented in Table 5-3.

Aquifer testing, consisting of siug tests for alluvial welis and packer tests in
bedrock boreholes along with laboratory permeability testing, was also performed as part
of the OU-2 RI/FS. Results of the OU-2 slug tests from alluvial wells indicated that the
geometric mean of the hydraulic conductivity values obtained from the ailuvial materials
was 2.9 x 10~ cm/sec which was approximately one order of magnitude lower than the
results of tests performed for OU-1. In addition, the results of the OU-2 testing indicated
that the lower hydraulic conductivity values were present in the deeper portions of the
alluvial aquifer, on the order of 6 x 10™ cm/sec. Higher hydraulic conductivity values on
the order of 1.5 x 10" cm/sec were encountered in the intermediate depth portions of the
alluvium. Hydraulic conductivity values on the order of 3 x 107 cm/sec were obtained
from the OU-2 testing of the shallow alluvial wells.
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In general, the resulis obtained by the OU-2 testing resulted in lower hydraulic
conductivity estimates than those obtained based on the OU-1 testing. These differences.
although not highly significant given the “order of magnitude™ accuracy of slug testing
results, potentially result from one or more faclors. These factors include the following:
differences in testing or data interpretation procedures between QU-1 and OU-2,
differences in well drilling and completion techniques, or possibly spatial differences in
the hydraulic conductuvity of the alluvial aquifer. OU-2 testing was performed primanly
in the southern and southwestern portions of the land({ill near the active sanitary tandfill
whereas QU-1 testing was performed primarily in the northern and eastern portions of the
landfill in the vicimity of Areas 1 and 2.

No direct measurements of the porosity of the alluvium or the bedrock formations
were obtained as part of either the OU-[ and OU-2 efforts owing 1o the difficulty of
performing these types of measurements. Typical total porosity values for
unconsolidated sand deposits range from 25 to 50% (Freeze & Cherry, 1972). The
effective porosity for groundwater flow cannot be measured directly but for
unconsolidated, unconfined aquifers is often approximated as being equivalent to the
specific yield. The typical range of specific yield values for unconfined aquifers is from
1 to 30%. As aresult, the effective porosity for groundwater flow in the alluvial aquifer
is assumed to range from 20 to 30%.

5.6.2.5 Groundwater Flow Directions, Velocity and Flux

Given the overall flat nature of the water table beneath the landfill, exact
determinations of the directions of groundwater flow are difficult. Generalized
interpretations of the primary direction of groundwater flow can be made based on the
water level data obtained from the landfill wells and the location of the landfill relative to
the Missouri River and its associated alluvium. Based on these conditions, the general
direction of alluvial groundwater flow in the vicinity of the landfill appears to be to the
north, parallel to the river valley and the general direction of river flow in this area.

In addition to the general direction of groundwater flow to north, the following
influences localized groundwater flow in the alluvium beneath Radiological Areas 1 and
2:

+ Dewatering effects associated with the former limestone quarry and the current
leachate collection activities,

¢ Infiliration and localized ponding of storm water on the surface of the léndﬁll,
¢ Infiltration through various drainage ditches located on and off of the landfill, and

¢ The water level in the flood control channel located on the western margin of
Area 2.

RI Report

West Lake Landfill QU-1
(04:10:00

Page 82



As a result, localized variations to this general direction of groundwater flow do
exist beneath the landfill. For example, groundwater flow beneath Area 1 appears to
occur primarily in a southern direction toward the active landfill (Figures 5-3, 5-4, 5-5,
and 5-6). This flow direction appears to be in response to the pumping associated with
the leachate collection system at the active sanitary landfill. Groundwater flow beneath
Area 2 is generally to the north-northwest, consistent with the overall regional flow
direction.

The velocity of groundwaler flow can be estimated using the following equation
(Freeze & Cherry, 1979):

V=Ki/n,
Where:

V = the velocity of groundwater flow (ft/day);
K = the hydraulic conductivity (ft/day),

i = the hydraulic gradient (ft/ft}; and

n, = the effective porosity (%).

Based on the results of the QU-1 aquifer testing, the average hydraulic
conductivity of the alluvium is approximately 3 x 10 to 3 x 10 cm/sec (85 to 8.5 feet
per day). The overall hydraulic gradient within the alluvium ranges from 0.001 to 0.0001
and the effective porosity of the alluvium can be approximated as ranging from 20 1o
30%. Therefore, the groundwater flow velocity in the alluvium ranges from a high of
approximately 0.4 feet per day to a low of approximately 0.003 feet per day. Using the
midpoints of the various ranges results in an estimated average groundwater flow velocity
of approximately 0.1 feet per day.

The amount of groundwater flowing beneath the landfill (groundwater flux) can
be approximated from the following equation (Freeze & Cherry, 1979):

Q=KiA
Where:

Q = the flux of groundwater beneath the landfill (ft*/day);
K = the hydraulic conductivity (ft/day);

1 = the hydraulic gradient (ft/ft); and

A = the saturated cross sectional area (ft%).

Using the hydraulic conductivity and hydraulic gradient values previously cited
and based upon a saturated thickness of approximately 100 feet and a width of
approximately 1500 feet, the groundwater flux beneath Areas | and 2 is approximately
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4,000 ft*/day (30,000 'gallons per day). Using the upper and lower ends of the estimated
values for the various paramelers results in a range of groundwater flux values of
approximately 130 to 13,000 ﬂ3fday {approximately 1,000 to 100,000 gallons per day).

5.6.3 Water Supply Wells in the Vicimty of the Landfill

No public water supply wells within the vicinity of the landfill oblain any water
from the alluvial aquifer (Foth & Van Dyke, 1989). Twenty-six private water supply
wells were identified in 1989 within a three-mile radius of the landfill (Foth & Van Dyke,
1989), None of the wells [ocated within a 1-mile radius of the landfill are used as a
drinking water source (Foth & Van Dyke, 1994). The distnibution of private wells in the
vicinity of the landfill is as follows:

o Four wells are located less than one mile from the landfill; however, two no
longer exist and the remaining two are not used as drinking water sources. Their
uses are discussed below;

e Seventeen wells located belween one and two miles from the landfill including
four wells used for irngation purposes, one well at an abandoned site, and twelve
wells used as drinking water sources; and

e Five wells located between two and three miles from the landfill, all of which arc
used as drinking water sources.

The two private groundwater wells within one mile of the landfill are used for
monitoring and commercial purposes, and neither is used as a drinking water source
(Foth & Van Dyke, 1994). These include the private well located at the Old Bndge Bait
Shop that is 5,100 feet northwesl from the landfill boundary and a private “shop well”
located 4,600 feet northeast from the landfill boundary (Figure 5-7). The nearest well
reportedly used as a drnking water source is located approximately 5,300 feet to the
north of the landfill {Figure 5-7). The number of private wells has likely decreased since
1989 due to urban and suburban development and flooding of the area in 1993 and 1995.
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6.0 NATURE AND EXTENT OF RADIOLOGICALLY IMPACTED MATERIALS

This section summarizes the location, extent and composition of the
radiologically impacted materials from which radionuclides have migrated or could
potentially migrate from Areas 1 and 2. The procedures used for the characterization ol
radiologically timpacted materials and the use of numerical standards and reference levels
are also discussed in this section. Evaluation of the exient of migration or potential
migration is presented in Section 7 of this report. Discussion of non-radiological
analytical resuits for the soil samples obtained from Areas | and 2 as well as occurrences
of non-radiological constituents in the varnous environmental media at the landfill is
presented in Section 8 of this RI report.

6.1 Procedures Used to Characterize Radiologically Impacted Matenals

The radiologically impacted materials are present within a matrix of soil and solid
waste materials including both sanitary wastes and construction and demolitton debris.
The solid waste materials contain both radiologically impacted soils and non-impacted
soils that cannot be visibly distinguished and both of which are intermixed with solid
waste materials. Review of the boring log data and the Soil Boring/Surface Soil
Investigation Report (McLaren/Hart, 1996h) indicates that the soils, including those
impacted by radiological matenals, are interspersed and interlayered within the solid
wasle and do not occur as discrete units, bodies or definable layers.

As the radiologically impacted materials cannot easily be identified or segregated
from either the non-radiologically impacted soils or from the overall matrix of solid
waste materiats, identification of radiologically impacted materials must rely upon the
results of radiological testing of discrete samples, intervals or locations. Specifically, the
definition of radiologically impacted materials presented in this RI is based upon the
following:

¢ Results of the overland gamma survey (McLaren/Hart, 1996a);

¢ Downhole gamma logging of soil borings drilled as part of the RI and re-
logging of pre-RI borings (McLaren/Hart, 1996h),

¢ Results of radiological testing of soil samples obtained from selected depth
intervals from the soil borings (McLaren/Hart, 1996h);

o Results of the radiological testing of soil samples performed by RMC (1982);
and

¢ Results of the radon flux measurements (EMSI, 1997¢).
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Figure 6-1 summarizes the approximate extent of radionuclides exposed at the
surface in Areas | and 2 based upon the following:

¢ Concentrations of radionuclides above surface reference levels (see discussion
in Section 6.3 below);

¢ Down-hole gamma fogs with elevated levels and definable peaks;
e Results of the overland gamma survey; and
e Resuits of the radon flux measurements.

Figure 6-2 summarizes the approximate extent of radionuclides in the subsurface
in Areas | and 2 based on concentrations of radionuclides above subsurface reference
levels, results of the downhole gamma logging, the overland gamma survey results, and
radon flux measurements.

Tables 6-1 through 6-4 summarize the range of radionuclides found in the source
materials from Area | and Area 2 and provide an indication of the frequency that
individual radionuclides exceed background and reference levels. These tables
summanze the following information:

¢ Calculated background and reference values;

¢ The number of borings with samples containing radiological levels above
background leveis but below the reference levels; and

¢ The number of borings with samples containing radiological levels above the
reference levels for surface soils in Area | (Table 6-1), subsurface soils in
Area | (Table 6-2), surface soils in Area 2 (Table 6-3) and subsurface solls in
Area 2 (Table 6-4).

Complete summaries of the soil sample radiological and non-radiological analyses are
presented in Appendix B.

6.2 Background Levels of Radionuclides

Tables 6-1 through 6-4 also include information on background levels of
radionuclides in the area soils. McLaren/Hart calculated background levels from values
measured at four background sampling locations (Table 6-5). Two of these locations
were between 1,200 and 1,500 feet south of the southeastern comer of the landfiil in the
borrow area for the existing active landfill. One sample was collected from an un-
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impacted area on the Ford property west of the landfill. The final sample was collected
north of the landfil] on the northeastern side of St. Charles Rock Road.

Table 6-6 presents a comparison of the background values obtained by
McLaren/Hart for the West Lake RI to background values obtained from other
investigations in this general area. The results obtained by McLaren/Hart compare well
with the results obtained by these other studies.

These background values are included on the various tables and summanes
presented in the RI. As described below, the background values obtained by
McLaren/Hart from the area around the land{ill have been used in the calculation of the
reference levels in accordance with the procedures set forth in 40 CFR 192.

6.3 Use of Numerical Standards and Reference Levels

Contamination is typically defined by comparing sampling results to background
results. This type of analysis identifies any samples containing site-refated constituents
as contaminated or impacted. This type of evaluation is presented in this section of the
R1 report. However, as discussed later in the text, one of the problems with this approach
is that the extent of contamination can be significantly affected by one or a few sample
results that although above background levels and therefore determined to be
contaminated, may only be slightly greater than background. Strict application of
background values to define contamination from radionuclides is even further
complicated by the counting errors associated with radionuclide results. For example,
although a particular sample may be reported as having an activity level that is 0.1 pCi/g
greater than the background level, this sample may have a counting error associated with
its result of + 0.3 pCi/g. Therefore, although the reported sample result is technically
greater than the background level, there is an uncertainty factor associated with such a
value that could result in the actual value being at or possibly below the background
level. The counting error varies with each sample analysis and therefore there is not a
single value that could be used for all of the results, or even for all of the results for a
particular radionuclide.

The presence of results that are only slightly above background at the margins of
a site or possibly as random occuirences of such results throughout a site greatly
complicates identification of the lateral extent of contamination. Definition of
contamination based strictly on a comparison to background alone can result in
overestimation of the actual extent of contamination thereby potentially resulting in a
false impression of potential impacts and/or possible elimination of some potential
remedial technologies that may otherwise be considered. The presence of radiological or
chemical constituents at levels greater than background does not necessarily represent a
risk to public health or the environment. Potential risks associated with elevated levels of
site-related constituents are evaluated as part of the Baseline Risk Assessment.
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As part of various improvements to the Superfund program, EPA has developed
presumptive remedy approaches for several of the more common types of Superfund sites
including municipal solid waste landfills. EPA’s RI/FS Guidance for Municipal Solid
Waste Landfills indicates that the primary focus of the RI/FS effort at municipal solid
waste landfills should not be focused on Jarge volumes of low levels of contamination but
should focus on identifying smaller areas with higher levels of contamination.
Consequently, for purposes of Operable Unit (OU) -1, a simple set of numerical levels
that have been commonly used at other sites with radiological constituents were
identified as a means of describing the extent of higher levels of radionuclide
occurrences. These numerical levels are termed “reference levels™ and are used in the R
to segregate areas with negligible levels of radionuclides from those that are clearly
greater than background.

The discussions regarding the locations and extent of the radiologically impacted
materials presented in this Rl are based in part on the concept of “reference levels™.
Reference levels have been derived for OU-1 based upon the EPA “Health and
Environmental Protection Standards for Uranium and Thorium Mill Tailings™ as set forth
in Title 40, Part 192, Sections 12 and 41. These standards state that:

The concentration of radium-226 {or radium-228) 1n land averaged over
any area of 100 square meters shall not exceed the background level by
more than - (1) 5 pCi/g, averaged over the first 15 cm of soil below the

surface, and (2} 15 pCi/g, averaged over 15 cm thick layers of so1l more
than 15 cm below the surface.

These standards are only directly applicable to uranium and thorium mill tailings
sites. These standards are also applied only to areas that have a potential for unrestricted
(i.e., residential) use. The landfill area has been and currently is a landfill with industrial
uses that are subject to a deed restriction that prevents residential uses.

No other numerical standards have been established that could assist in
characterizing the potential extent of radiologically impacted materials at the West Lake
Landfill. In the absence of any other established standards, values based upon the
standards promulgated by EPA under 40 CFR 192 are included in the Rl evaluations.
These reference levels have been included in the Rl solely as a point of reference and are
only included for use in evaluating the site investigation data and characterizing the
locations and potential extent of the radiologically impacted materials.

Although the EPA standards only directly address radium-226 and radium-228
and indirectly thorium isotopes, these standards have also been applied to the other
radionuclides and have been utihized in the tables in this section to assist in the evaluation
and summary of the occurrences of the other radionuclides detected in both Area 1 and
Area 2. Specifically, reference levels for occurrences of other radionuclides (other than
radium-226 or radium-228) in surface soils have been developed based upon background
levels of radionuclides plus 5 picocuries per gram (pC1/g). Similarly, subsurface
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reference levels have been developed for other radionuclides based upon background
levels plus 15 pCi/g in accordance with the procedures set forth in 40 CFR 192. Risk-
based levels that are considered to be protective of human health and the environment
from radionuclide occurrences at the landfill will be developed as part of the Feasibility
Study (FS) based upon the resuits of the Baseline Risk Assessment (BRA).

As discussed above, reference levels have been used in the following discussions
and associated evaluations to assist in defining the potential sources and extent of the
possible source of the radiological materials. Use of reference levels is not and should
not be construed to indicate that radtonuclide occurrences at concentrations below the
reference levels but above background do not represent contamination. Occurrences of
radionuclides at levels below the reference levels but above background clearly represent
potential contamination although not necessarily a risk to human health or the
environment; however, as the sample concentrations approach the background levels, it
becomes less relevant to the selection of a presumptive remedy.

The use of reference levels in the Rl to assist in identifying the occurrence and
assessing the potential extent of radiological materials should also not be construed as
representing selection of the 40 CFR 192 standards as ARARs or their selection as actual
or potential remediation standards. Remediation standards will be selected as part of the
development of a “‘Proposed Plan” and Record of Decision.

As required by the National Contingency Plan (NCP), EPA’s remedy selection
will be based upon nine critennia. Two of these critenia, protection of public health and the
environment and compliance with ARARs, are considered to be threshold criteria that
generally must both be met by any remedy that is selected. Evaluation of the degree of
protectiveness of any remedial altermative that may be considered will include not only a
comparison to potential ARARSs but also an evaluation of the potential exposures and
associated risks. Calculation of potential exposures and associated risks has been
performed as part of the Baseline Risk Assessment (BRA) presented in Appendix A.
Results of the BRA will be used in the Feasibility Study (FS) to develop remedial actton
objectives and preliminary remediation goals in accordance with the procedures set forth
in appropriate EPA guidance. Such guidance will include, but is not necessarily limited
to, the Office of Solid Waste and Emergency Response (OSWER) Guidance No. 9200.4-
18 regarding “Establishment of cleanup levels for CERCLA sites with radioactive
contamination.”

As described previously in Section 4.7, EMSI obtained radon flux measurements
at 54 locations in Areas I and 2 in June [997. Results of these measurements of radon
flux levels were compared to the 20 pCi/m’s standard for radon emissions from the
disposal of uranium mill tailings promulgated in 40 CFR Part 61. Similar to the previous
discussion of the reference levels, this radon flux standard is only strictly applicable to
uranium mill tailings sites. As previously indicated, an evaluation of potential ARARs
has not yet been completed for the landfill. Although the EPA standard for radon flux is
only applicable to uranium mill tailings, it may be considered a potential ARAR for the
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West Lake Landfill. Therefore, this standard has been included in this report to assist in
the evaluation of the significance of the radon flux measurement results.

In summary, reference levels and numerical standards are only presented and used
in the RI as a means of easily and consistently identifying those materials that have been
impacted by radionuclides and providing an imtial assessment of their extent. Final
determination of the extent of radiologicaily impacted materials that may require
remediation alony with identification of the appropriate standards or health-based criteria
to be considered in selecting a remedy for OU-1 will be made as part of the Proposed
Plan and Record of Decision.

6.4 Radiologically Impacted Materials in Area |

The boundaries of Area | have been defined based on the results of the overland
gamma survey, the down-hole radiological logging effort, collection and analysis of soil
samples from various soils borings, and the results of the radon flux measurements. The
radiological activity defined by the soil borings logs, downhole gamma logging results
and soil sample analyses generally coincides with the boundaries of the area of elevated
overland gamma readings identified by the overland gamma survey results from Area 1.
This can be observed by comparing Figures 4-4 through 4-8 to Figures 6-1 and 6-2. The
following sections describe the occurrence and potential extent of radiologically impacted
materials present at the ground surface and the occurrence and potential extent of
radiologically impacted materials in the subsurface in Area 1.

6.4.1 Radiologically Impacted Materals at the Surface in Area |

Only two of the nine surface samples collected in Area 1 contained radionuclides
with activities above the reference levels (Figure 6-3). These two samples were obtained
from borings WL-106 and WL-114. It should be noted that the analytical results from the
sot]l samples from boring WL-114 indicated that, although the surface sample contained
levels of radionuclides above the surface reference levels, the down-hole gamma log
indicated that the highest gamma activity occurred at a depth of 4 to 5 feet. Boring WL-
114 was thus included within the boundaries of both the surface and the subsurface areas
of affected matenals.

The approximate region in Area | containing locations with surface soil sample
analytical results above surface reference levels, down-hole radiological logs with
elevated downhole gamma readings at or near the surface, and elevated overland gamma
results is shown on Figure 6-3. This area includes approximately 51,000 square feet.
Based upon a 6-inch depth interval consistent with the definition of surface materials in
the EPA uranium and thorium mill tailing standards discussed above, the volume of
impacted surface materials in Area | is estimated to be approximately 940 cubic yards

(yd").
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In addition to boring locations WL-106 and WL-114, which exceeded reference
levels, three other locations contained levels of radionuclides above background levels
but below reference levels. These three locations were WL-112, WL-121 and WL-123.
The sample obtained from location WL-112 contained thorium-230, radium-226 and
lead-214 at levels only slighily greater than background. The sample obtained at location
WL-121 only contained lead-214 at a level slightly above background and the sample at
WL-123 only contained uranium-234 and lead-214 at levels slightly above background.
Soil sampling locations that displayed radionuclide levels greater than background are
shown on Figure 6-3. As can be seen on this {igure, the samples obtained from WL-121
and WL-123 that contained radionuclides above background levels are separated from the
area of higher levels of radionulcides by surface soil samples (WL-116 and WL-124) in
which elevated levels of radionulcides were not detected.

Results of the radon flux measurements indicated that two sample locations in
Area | displayed radon flux levels above the 20 pCi/m’s standard. These samples were
obtained adjacent to boring locations WL-102 and WL-106 (Figure 4-14). Both of these
locations are inside of the boundary of surface occurrences of radiologically impacted
materials (Figure 6-3) defined based on the surface soil sample analyses, overland
gamma survey and down-hole gamma logging results. Consequently, consideration of
the radon flux results does not necessitate any changes to the boundary of the surface
extent of radiologically impacted materials in Area 1 shown on Figure 6-3.

The previous investigation of Area 1 (RMC, 1982) identified two locations with
surface soils containing radionuclides above the reference levels. Both of these samples
were located due east of the Bridgeton Landfill office building and are included within
the area of surface soils above reference levels presented on Figure 6-3. As a result,
consideration of the histon¢ investigation results obtained by RMC does not necessitate
any adjustment to the extent of surface soils greater than reference levels in Area 1.

6.4.2 Radiologically Impacted Matenals in the Subsurface of Area 1

Figure 6-4 shows the approximate region of the subsurface occurrence of
radiologically impacted materials in Area 1. This area was delineated based on the
subsurface soil sample analytical results that included radionuclides above the subsurface
reference levels or the results of down-hole radiological logging that showed elevated
gamma readings, or both.

A total of four RI borings (WL-105, WL-106, WL-114, and WL-118) contained
radionuclides at concentrations greater than the reference levels. Two additional borings,
WL-112 (sample from 5-ft depth) and WL-117 {sample from 10-ft depth), contained
samples with levels of thorium-230 above reference levels. [n addition, thorium-230 was
the only radionuclide exceeding reference levels in the sample obtained from the 5-ft
depth from boning WL-114. Although the levels of the other radionuclides in these three
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samples were less than the reference levels, they generally did exceed background levels;
therefore, these samples and borings were also assumed 10 represent areas exceeding the
reference levels.

A total of 31 borings in Area [ were downhole gamma logged ( Table 6-7). These
included 20 RI soil borings, two Rl borings drilled as part of the monitoring well
construction effort, and nine of the existing poly-vinyl chlonde (PVC) cased borings
drilled by RMC that were re-logged by McLaren/Hart (1996h) as part of the Rl efforni. A
total of ten RI borings displayed elevated downhole gamma levels. In addition, five of
the PV cased borings also displayed elevated downhole gamma readings. Of the fifteen
borings with elevated gamma levels, eight displayed very well defined peaks and seven
displayed only poorly defined peaks. A value of approximately 1,300,000 counts per
minute (cpm} was the highest downhole gamma reading observed in the Area 1 borings.
This value was measured al the 10-foot depth in boring PVC-38. Several borings
displayed vailues between 100,000 and 400,000 cpm. Ten of the fifteen borings that
displayed definable gamma peaks had measured gamma values of less than 100,000 cpm
and over half of these contain values of less than 20,000 cpm.

The borings with subsurface samples containing radionuclides above the
subsurface reference levels and/or elevated downhole gamma readings in Area | are
displayed on Figure 6-4. The areal extent of subsurface occurrences of radiologicaily
impacted materials in Area | includes approximately 194,000 square feet. The two
locations with the radon flux measurements exceeding 20 pCiimzs (adjacent to borings
WL-102 and WL-106) are located within the extent of subsurface occurrences of
radiologically impacted materials as shown on Figure 6-4. Therefore, incorporation of
the radon data does not change the extent of the subsurface occurrences of radiologically
impacted materials.

Radiologically impacted materials were found to be present in the subsurface of
Area | at two different depths. In the northwestern part of Area 1, radiologically
impacted materials were 1dentified at depths generally ranging between 0 and
approximately 6 feet. In the southeastern portion of Area 1, radiologically impacted
matenals occur at a somewhat deeper interval ranging from 0 to approximately 15 (eet
{Table 6-7).

One location in Area 1 contains three borings (WL-105, well S-5, and well [-4) in
close proximity that were all downhole logged for gamma radiation. Although the
existing ground surface elevation of these three borings was quite close (467.2, 465.7,
and 466 feet above mean sea level respectively) the depths to the gamma peak in each of
these borings varied significantly, Depths of the gamma peaks and corresponding
elevations ranged from 9-fi (elevation 458.2-ft) in WL-105 to 3.5-t (elevation 462.2-f)
in well S-5 t0 6.5-ft (elevation 459.5-ft) in well I-4. These data suggest that the depth and
elevation at which the radiologically impacted matenals occur varies highly over even
small distances indicating that the horizon(s) in which the radiologically impacted
materials occur are highly variable and highly irregular,
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An average thickness of 3.3 feet was derived for these materials from the ten RI
borings and the five pre-RI borings containing intervals with elevated down-hole gamma
readings {Table 6-8). Based upon the areal extent of the subsurface materials greater than
reference levels (194,000 ﬁ2) and an estimated average thickness of 3.3 ft, the volume of
potential source materials is estimated at approximately 24,000 cubic yards. This volume
includes both the impacted soil and the associated refuse, debris, and fill matenals.

In addition to the area of subsurface soils containing radionuclides above
reference levels, occurrences of radionuclides below reference levels but above
background were detected in subsurface sotl samples obtained from three locations to the
northeast and south of the eastem portion of the area containing higher levels of
radionuclides (Figure 6-4). These three locations include borings WL-103, WL-104 and
WL-111 all of which contained thortum-230 at levels slightly greater than background.
No other radionuclides were detected at levels above background in the subsurface soil
sample obtained from these three locations. Subsurface soil samples obtained from two
other locations also contained radionuclides above background levels; WL-109 contained
radium-226 and lead-214 at levels slightly above background and WL-110 contained lead
-214 at a level slightly above background.

6.4.3 Correlation of Radionuclide Occurrences it Area 1

The results of the analyses for soil samples obtained from Area 1 (Tables B-1, B-
3 and B-5 in Appendix B) were reviewed to assess the degree to which radionuclide
occurtences are co-located with each other. Thorium-230 was the radionuclide generally
detected at the highest levels. Review of the analytical results for other isotopes in the U-
238 decay series indicates that in general the samples containing thorium-230 above the
reference level generally also exceeded the reference levels or at a minimum generally
exceeded background for uranium-238, radium-226, lead-214, bismuth-214 and lead-210.
Those samples that only contained radionuclides above background but below reference
levels generally only contained one or two radionulcides at levels slightly above
background. Therefore, where higher levels of radionuclides are present there generally
is a good correlation between the occurrences of elevated levels of the various
radionuclides. Where the detected levels are only slightly greater than background, there
generally is a much poorer correlation between occurrences of the various radionuclides.

6.5 Radiologtcally Impacted Materials in Area 2

The boundaries of Area 2 have been defined based on the results of the overland
gamma survey, the down-hole radiological logging effort and the collection and analysis
of soil samples from various soils borings. The radiological activity defined by the soil
borings, borehole logging, and soil sample analysis program is generaily within the extent
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of the area of elevated gamma readings as defined by the results of the overland gamma
survey for Area 2.

6.5.1 Radiologically Impacted Materials at the Surface of Area 2

Only two of the 15 surface soil samples (ten from drilled borings and five from
hand auger borings) displayed radionuclide levels significantly above the reference levels
(Figure 6-3). These locations include the surface sampies obtained at the locations of soil
borings WL-209 and WL-210. In addition to these two locations, the surface sample
from hand auger boring WL-243 displayed levels of thorium-230, lead-210 and
protactinium-231 above surface reference levels. Only the thorium-230 value from this
hand-auger boring was substantially above the surface reference level.

Five additional surface soil locations (soil borings WL-213, WL-222, and WL-
235 and hand auger borings WL-242 and WL-244) displayed levels of thorium-230
above the surface reference levels. Given the potential thorium data quality issues
discussed in Section 4 of this report, the representativeness of the thonum-230 results for
each of these samples was further evaluated. Discussions of each of these samples are
presented in the following paragraphs.

Thorium-230 was detected at 131 pCi/g in the surface sample from boring WL-
222. Although the levels of the other radionuclides detected in the surface sample from
boring WL-222 were at or only slightly greater than background, the thorium-230 level in
this sample was substantially greater than background. In addition, elevated gamma
readings were detected in the area of this boring during the overland gamma survey.
Therefore, this sample was considered 1o represent a surficial occurrence of
radiologically impacted materials.

In the case of the surface samples from borings WL-213 and WL-235, the thorium
levels were only slightly greater than background. In addition, the other radionuclides
detected in these samples were all present at levels less than background. Therefore, the
representativeness of the thorium-230 results from these two samples is potentiatly
questionable. Boring WL-213 lies at the edge of an area containing elevated gamma
levels as defined by the overland gamma survey. In order to maintain a conservative
estimate of the potential extent of radiologically impacted materials, this sample was
considered representative of a surficial occurrence of radiologically impacted materials.
Boring WL-235 lies in an area where only background gamma levels were identified
during the overland gamma survey. There are no other data or information indicating the
presence of radiologically impacted materials in the vicinity of this boring; however, in
order to develop a conservative estimate of the extent of radiologically impacted
matertals, this sample was considered to represent a surficial occurrence of radiologically
impacted materials.
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The area defined by hand borings WL-242, WL-243 and WL-244 was defined
separately from the boundaries of the area of surface matenals exceeding reference
standards. This was done because the area near these samples appears to be associated
with deposition of runoff sediments rather than surface exposure of in-place matenal.

The radon flux measurement activities completed by EMSI in June 1997 indicated
that only two sample locations in Area 2 had measured flux levels above the 20 pCi/m’s
standard for radon emissions for uranium and thortum mitll tailings (WL-209 and WL-
223, see Figure 6-5). As the surface sample obtained from boring WL-209 exceeded
reference levels, no modification to the surficial extent of radiologically impacted
materials was necessary. Based upon the radon flux reading from boring WL-223 and
the presence of thorium-230 above background at the 5-ft depth in this boring (a surface
sample was not obtained from this location), the boundary for surface exposure ol
radionuclides was drawn to include the area around boring WL-223.

RMC obtained approximately seven surface sotl samples and nine surface
samples from auger borings that contained radionuclides above the reference levels.
Consideration of the surface soil samples obtained by RMC or the surface samples
obtained from the soil borings drilled by RMC during their investigation did not result in
any changes to the extent of surface occurrences of radiologically impacted material in
Area 2,

The approximate region in Area 2 containing surface soils with radionuclide
concentrations above the surface reference levels, downhole gamma logs with ¢levated
gamma levels at or near the surface, or locations with radon flux emissions above 20
pCi/m?s is shown on Figure 6-5. This area is approximately 469,000 square feet. Based
upon a 6 inch depth, consistent with the definition of surface materials in the EPA
uranium and thonum muill tailings standards discussed above, the volume of
radiologically impacted malenials at the surface of Area 2 is estimated to be
approximately 8,700 cubic yards.

In addition to the samples containing radionuciides above reference levels, several
locations were identified in the northern and northeastern portion of Area 2 that contained
surface sotl with radionuclides above background but below reference levels. These
include the surface soil samples from WL-215, which only displayed thorium-230 above
background, WL-231 which contained uranium-234 at a level just slightly greater than
background and WL-245 and WL-246 both of which contained only thorium-230 at
levels just slightly greater than background. Soil sampling locations with radionuclides
occurrences above background levels are shown on Figure 6-5.

6.5.2 Radiologically Impacted Materials in the Subsurface of Area 2

Figure 6-6 displays the locations of the borings with subsurface samples that
contained radionuclides above subsurface reference levels in Area 2. A total of four of
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the 45 soil borings in Area 2 had subsurface samples that contained radionuclide levels
significantly above the reference levels. These bonngs include WL-209, WL-210, WL-
216, and WL-234.

Radionuclides were detected above reference levels in two other borings (WL-211
and WL-241). In both of these borings only thorium-230 and lead-210 exceed reference
levels. Other radionuchdes, although not greater than reference levels in these samples,
did exceed background levels. Therefore, these two borings were considered to represent
subsurface occurrences of radiologically impacted materials.

Subsurface samples from ten borings reportedly contained only thorium-230
above the subsurface reference levels. These locations included WL-208, WL-212, WL-
214, WL-222, WL-226, WL-227, WL-230, WL-231, WL-233, and WL-242 (hand-auger
boring sample from 2 feet). Thorium-230 was detected al concentrations greater than 100
pCi/g in borings WL-208, WL-212, WL-226, and WL-233. In addition, although the
other radionuclides detected in these borings did not exceed reference levels, they
generally were detected above background levels. Consequently, these borings were
included in the identification of the subsurface extent of radiologically impacted
matenals. Samples from borings WL-222, WL-227, WL-230, WL-231 and WL-242
contained thorium-230 at levels ranging from 20 to 95 pCi/g. Many of the other U-238
decay series radionuclides were detected at levels above background (although generally
only slightly above} in these samples. Therefore, these samples were also considered 1n
the evaluation of the subsurface extent of radiologically impacted materiais. The only
sample with an elevated throium-230 level (44.4 pCi/g) that displayed only background
levels of the other radionuclides was the sample from the 5-foot depth from boring WL-
214. Downhole gamma levels measured in this boring were not elevalted. As a result the
thorium-230 result from this boring may be questionable; however, in keeping with a
conservative approach, this location was also included within the evaluation of the
subsurflace extent of radiologically impacted materials in Area 2. In summary, all of the
samples containing one or more radionuclides above reference levels, including all of
those for which only thorium-230 exceeded reference levels, were included i the
development of the boundary defining the extent of subsurface radiologically-affected
matenals.

A total of 51 borings in Area 2 were downhole gamma logged including thirty-
three RI borings and eighteen PVC cased borings remaining from the earlier RMC
investigation {Table 6-9). Twenty-two of these borings did not display definable gamma
peaks while twenty-nine did (Table 6-9). The highest observed downhole gamma
reading, nearly 2,300,000-cpm, was measured at the 3-foot depth of PVC-11, which is
located in the southern portion of Area 2. High downhole gamma levels were also
measured at the 7-foot depth 1n boring WL-234 (1,100,000 cpm) which is located in the
same general area as PVC-11. Very high readings were also detected at the 2-foot depth
in PVC-7 (approximately 1,400,000 cpm) and PVC-4 (approximately 1,300,000 cpm)
both of which are located in the same general area in the northern portion of Area 2.
Eleven other borings in Area 2 displayed downheole gamma levels between 100,000 and
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800,000 cpm. The remaining thirteen borings with definable peaks displayed values of
less than 100,000 cpm with most of these less than 25,000 cpm.

Twenty borings displayed identifiable gamma log peaks at shallow depths of five
feet or less. Of these, thirteen of the logs displayed very well defined peaks and seven
displayed poorly defined peaks with intensities of 24,000 counts per minute (cpm) or
less. Three borings displayed peaks at slightly greater depths ranging between 7 and 11
feet and one boring (WL-233) displayed a peak at a depth of 22-feet. Four bonngs
displayed two separate peak intervals at depths ranging from 2.5 to 9-feet for the first
peak and 7 to 11-feet for the second peak. One boring, WL-235, only displayed a peak at
the bottom of the hole.

Boring WL-210 was re-logged because during the first logging attempt material
was knocked into the hole resulting in a small poorly defined peak at the bottom of the
hole in addition to the well-defined peak identified at the ground surface. The material
present in the bottom of this hole was removed and the subsequent logging effort did not
indicate a peak at the botlom of this boring. Two other borings (WL-235 and PVC-7)
also contained poorly defined peaks at the bottom of the hole that may also be the result
of radiologically impacted material present at shallower depths having been knocked into
the hole during the drilling or logging activities.

Based upon the results of the downhole gamma logging and the laboratory
analyses, radiologically impacted materials were generally found at depths ranging
between 0 to approximately 6 feet in the northemn portion of Area 2. These depths
correspond to elevations of approximately 457 to 462 feet above mean seal level. Deeper
occurrences of radiologically impacted materials were identified in a few borings in the
northern portion of Area 2. The sample obtained from the 20-foot depth in boring WL-
226 contained 173-pCi/g thorium-230 along with other radionuclides above background
levels. This boring also displayed a downhole gamma peak at the 11-foot depth. Borings
PVC-5, PVC-6, and PVC-7 displayed two separate gamma peaks with the lower peaks
occurring at depths of 11 to 19.5 feet (Table 6-10). Elevated downhole gamma readings
were detected at a depth of 8-feet in boring PVC-19. A second interval of elevated
downhole gamma readings was measured at a depth of 7-feet in boring PVC-40. The
sample from the 25-foot depth in WL-209 displayed a thornum-230 concentration (26.9
pCi/g) greater than the subsurface reference level (17.45 pCi/g); however, analysis of the
field duplicate sample from this same location and depth did not contain thorium-230
above the subsurface reference level (12.85 pCi/g).

In the southemn part of Area 2, radiologically impacted materials were identified at
depths generally ranging between O and 6 feet. Deeper occurrences of radiologically
impacted materials, specifically thorium-230 levels above the reference level, were also
identified in boring WL-233 1in the southernmost portion of Area 2 where thortum-230
was detected at the 27-ft depth at 427 pCi/g. Elevaled downhole gamma readings were
identified at a depth of 22-feet in this boring. Several radionuclides of the uranium-238
decay series were detected at concentrations greater than their reference levels in the
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sample from the 10-foot depth from boring WL-234. A second interval of elevated
gamma readings was identified at the 10-foot depth in boring PVC-10.

Eievated downhole gamma readings were also measured in the bottom of boring
WL-235 at a depth of 22.5 feet. This reading may possibly be the resultl of radiologically
impacted material having been knocked into or down the hole during drilling or logging.
However, neither the downhole gamma [ogging or the analyses of the soil samples
indicated the presence of materials above the subsurface reference levels at any other
depth in this boring. Boring WL-235 is located in the same general area as boring WL-
233 that displayed indications of radiologically impacted materials at depth. The sample
from the 40-foot depth in WL-210 also displayed a thorium-230 concentration (18.2
pCi/g ) greater than the reference level (17.45 pCi/g); however, analysis of the field
duplicate sample from this same location and depth did not contain thorium-230 above
the subsurface reference level (10.8 pCi/g).

The two locations with radon flux measurements above 20 pCi/m’s were WL-209
and WL-223 in Area 2 (Figure 6-6). As these locations were within the boundary of the
subsurface occurrence of radiologically impacted materials in Area 2, incorporation of
the radon flux data does not change the subsurface extent of radiologically impacted
matenals in Area 2.

The approximate extent of that portion of Area 2 with ¢ither subsurface soil
sample analytical results above subsurface reference levels or downhole radiological logs
with elevaled gamma readings is shown on Figure 6-6. This area includes approximately
817,000 square feet. An average thickness of 3.6 feet was derived for these materials
from the twenty-nine borings containing tntervals with elevated down-hole gamma
readings as shown on Figure 6-6. Based upon the estimated areal extent and an average
thickness, the volume of potential subsurface source materials is estimated at
approximately 109,000 cubic yards. This volume includes both the impacted soil and the
associated refuse, debris, and fill materials.

Numerous other borings contained samples with radionuclide occurrences that
were above background levels below the reference levels. These locations are shown on
Figure 6-6. In general, most of the occurrences of subsurface samples containing
radionuclides above background but below reference levels were identified based on
occurrences of thorium-230 and to a lesser extent lead-214.

Two of the locations where radionuclide occurrences above background were
reported may not actually be representative of contamination. The only occurrence of
radionuclides above background detected at WL-218 was in the sample obtained from a
depth of 40 feet, which reportedly contained thorium-230 above background. Neither
this nor any other radionuclides were detected in the surface or 5-foot sample obtained
from this location and there was no indication of elevated downhole gamma readings
identified in this boring. The only occurrence of radionuclides above background in the
subsurface at WL-207 was a reported delection of thorium-232 slightly greater than
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background in the duplicate of the five-foot depth sample obtained from this location;
however, the level of throilum-232 in the original sample from this depth was below

background.

6.5.3 Correlation of Radionuclide Occurrences in Area 2

The results of the analyses for soil samples obtained from Area 2 (Tables B-2, B-
4 and B-6 in Appendix B) were reviewed to assess the degree to which radionuclide
occurrences are co-located with each other. Thonum-230 was the radionuclide generally
detected at the higheslt levels. Review of the analytical results for other isotopes in the U-
238 decay series indicates that in general the samples containing thorium-230 above the
reference level generally also exceeded the reference levels or at a minimum generally
exceeded background for uranium-238, radium-226, lead-214, bismuth-214 and lead-210.
Those samples that only contained radionuclides above background but below reference
levels generally only contained one or two radionuclides at levels slightly above
background. Therefore, where higher levels of radionuclides are present there generally
1s a good correlation between the occurrences of elevated levels of the various
radionuclides. Where the detected levels are only slightly greater than background, there
generally is a much poorer correlation between occurrences of the vanous radionuclides.

6.6 Radiological Occurrences in the Northeastern Portion of Area 2

As previously indicated, there is a small area in the northeastern portion of Area 2
where radionuclides were detected at concentrations greater than the reference levels,
Specifically, this included the area around hand-auger borings W1L-242, WL-243 and
WL-244. This area was defined separately from the other occurrences of surface
materials exceeding reference standards in Area 2 because the area in the vicinity of these
samples appears 10 be associated with deposition of runoff sediments rather than surface

exposure of in-place matenal.
The areal extent of the impacted surficial matenials present in the northeasterm

portion of Area 2 is estimated to be approximately 17,000 square feet or approximately
0.4 acres. Based on a estimated six-inch thickness for this matenal, the estimated volume
of impacted soil present in this area 1s approximately 320 cubic yards.

6.7 Distribution of Radiologically Impacted Materials in Areas 1 and 2

As previously discussed, the radiclogically impacted materials present in Areas |
and 2 are distributed throughout an overall matrix of solid waste materials including
sanitary (household) wastes and construction and demolition debris. Based upon
observations of the cuttings materials brought to the ground surface during the boring
program, extensive discrete layers of soil, whether impacted or otherwise, were not
identified. Instead, the boring logs indicated that although some of the radiological

Rl Report

West Lake Landfill OU-1
04/10/00

Page 99



impacied materials are present at or near the surface of the landfill, a large portion of the
radiologically impacted materials are present in the subsurface and occur in an
interlayered and interspersed manner among the solid waste matenals,

Table 6-11 presents a summary of the occurrences of elevated gamma levels
based upon the downhole gamma logging results, the soil sample intervals and
radiological analyses and the boring log descriptions of the matenals encountered at each
of these inlervals. As can be seen from the information presented on this table,
occurrences of elevated downhole gamma readings as well as occurrences of
radionuclides above reference levels or, even above background, were associated with a
wide variety of solid waste materials containing varying amounts of soil.

Review of the boring log information does not indicate the presence of any
distinct or definable soil layers, whether radiologically impacted or otherwise, within the
landfill matrix. Based upon the information presented in this section, it is EMSI’s
opinion that the sources of the radielogical occurrences are dispersed within the volume
of landfill materials described above for Areas 1 and 2.

6.8 Radiologically Impacted Matenals at the Ford Property

Bonngs WL-201 through WL-206 were advanced by McLaren/Hart to
characterize the Ford property northwest of Area 2. Eight additional locations were
sampled by EMSI during May 1997 (locations FP-1 through FP-8 on Figure 6-7).

The analytical results for the samples obtained from the Ford property are
summarized in Appendix B. These data indicate that thorium-230, radium-226, lead-214,
bismuth-214, lead-210, protactinium-231, actinium-227, radium-223, and thorium-232
are all present in the surface sample from WL-206 at activities above the surface
reference levels. The analytical resulls obtained by McLaren/Hart (1996h) from the
surface sample from boring WL-206 are consistent with the results obtained by EMSI as
part of the subsequent sampling activities (EMSI, 1997a, 1997d). Thorium-230 is present
above the reference level in the surface samples obtained by EMSI from locations FP-1,
FP-5 and FP-8 (EMSI, 1997d). Radium-226 is present in the surface sample from FP-4
above the reference level. None of the samples collected from the Ford property by
either McLaren/Hart (1996h) or EMSI (1997d) from depths of 6 inches or more below
the ground surface contain any radionuclides with activities above the reference levels.

Figure 6-7 shows the assumed extent of materials containing radionuclides on the
Ford property. Based upon an areal extent of 196,000 square feet and an assumed
maximum depth of 6 inches, the volume of affected soil on the Ford property is estimated
at approximately 3,600 cubic yards.

In addition to occurrences of radionuclides above reference levels in the surface
soil on the buffer zone and Lot 2A2 of the Crossroad property, three other surface soil
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samples (WL-203, FP-2 and FP-7) contained radionuclides above background levels.
The potential extent of surface soil contatning radionuclide occurrences above
background is shown on Figure 6-7. Although none of the subsurface samples obtained
from the buffer zone and Crossroad property contained radionuclides above reference
levels, several samples did exceed background levels. The extent of these occurrences is
shown on Figure 6-8 and generally coinctdes with the extent of radionuclide occurrences
above reference levels reported in the surface samples.

During a site walkover conducted on November 18, 1999, Herst & Associates
observed that the upper 2 to 6-inches of soil material had been scraped from Lot 2A2 and
the buffer property and pushed up against the boundary fence separating the buffer zone
and Crossroad properties from the West Lake Landfill (Figure 6-9). A minor amount of
scraped material was also mounded along the northem portion of the buffer zone and
Crossroad properties. Approximately 10 to 12 inches of gravel had been placed over the
eastern portion of the Property (Lot 2A1 and a small component of Lot 2A2), while the
remaining disturbed soils were left exposed. The dates during which the excavation
occurred are not known.

EMSI prepared an Interim Measures Work Plan (EMSI, 1999} and submitted this
work plan to EPA. Activities addressed by the work plan included among other things,
consolidation of the soil piles located along the edge of the buffer zone and Crossroads
properties onto the surface of Area 2 and collection of additional surface soil samples
from the buffer zone and Lot 2A2 to assess the current conditions of these properties,

The additional sampling was conducted by Herst & Associates on behalf of EMSI
on February 14, 2000. Seven additional surface soil samples were collected including
two from the buffer zone and five from Lot 2A2 (Figure 6-10). These samples were
analyzed for radioisotopes (Table 6-13). Review of the analytical results for these
samples indicates that only one sample (RC-02) contained radionuclides above reference
levels. This sample contained thorium-230 at a level of 30.6 pCi/g. This sample also
contamed lead-210 at a level below the reference level but above background for this
constituent. This sample was collected near well D-6 (soil boring WL-206) where
radionuclides had previously been detected. All of the other samples contained thorium-
230 at levels below the reference level but above background. Sample RC-07 aiso

.contained thorium-228 and thorium-232 at levels very near to but slightly above
background. Other than the thorium 1sotopes and the one detection of lead-210, none of
the other radionuclides (i.e., uranium or radium isotopes) were detected at levels above
background. Based on these results, the majority of radiologically impacted soil that had
previously been present on the former Ford property (now the buffer zone and Crossroad
Lot 2A2) was removed from the surface and placed in the soil piles. "
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6.9 Summary of Radiologically Impacted Material Occurrences

Based upon the results of the previous discussions, four distinct areas of
radiologically impacted materials have been idenufied. These include both Areas | and 2
where radiologically impacted materials are present both at the surface and in the
subsurface. They also include surficial materials transported by erosional processes in
the northeastern portion of Area 2, and surficial materials present in the southem ponion
of the Ford property as a result of erosional transport along the landfill berm at the
northerm boundary of Area 2.

A summary of the estimated areal extent and estimated volume of each of these
occurrences of radiologically impacted maternials 1s presented on Table 6-12. Due 1o the
interspersed nature of the radiological materials within the overali matnix of solid waste,
the estimated volumes of radiologically impacted materials include not only the soil or
other materials containing radionuclides, but also unimpacted soils and solid waste
materials in which the impacted soil is contained. Based upon the estimated extents and
volumes of each of these occurrences as described above and summarnized in Table 6-12.
the total areal extent of impacted materials (both surface and subsurface) is
approximately 28 acres. The total volume of impacted materials is approximately
146,000 yards.

Review of the overland gamma, soil sample analyses, downhole gamma and
radon flux measurement results indicates that there are three locations where relatively
higher levels of radioactivity are present. The first of these is in Area | and includes the
area just to the southeast of the facility access road and the Bridgeton Landfil] office
building extending from approximately boring WL-106 to bonng WL-114 and continuing
to the east to PVC-38. In Area 2, two locations with relatively higher radioactivity were
identified. These include a large area around borings WL-209, WL-226, PVC-4, PVC-0,
PVC-7, PVC-19, and PVC-35 in the north-central portion of Area 2, and an area
extending from approximately bonings WL-234, PV(C-10, and PVC-11] to borings WL-
210 and WL-216 in the southern portion of Area 2. Given the distance between WL-234
and WL-210, a question could be raised as to whether the area extending from WL-234 to
WL-216 is continuous or represents two separate areas.
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7.0 CONTAMINANT EXTENT, FATE AND TRANSPORT

This section of the Remedial Investigation report discusses the extent of the
existing radionuclide contamination in environmentat media at the landfill and the
environmental fate and transport of the various radionuclides. Specifically, this section
describes the potential environmental pathways by which the radionuclides present in
Areas | and 2 and on the Ford property have or could migrate from these areas to other
portions of the landfill, to offsite areas or to other environmental media. This section of
the RI describes the current extent of radionuclide occurrences within the various
environmental media that could act as pathways for onsite or offsite migration or
contaminant exposure, This section of the RI also discusses the environmental fate and
persistence of the various radionuclides present at the landfill including a discussion of
the radioactive decay and the subsequent generation of “daughter” radionuclides.

7.1 Extent of Contamination and Potential Contaminant Migration

Pathways by which radionuclides could migrate from the various source areas
include airborne transport, dissolved or suspended transport in surface water runoff,
erosional transport of surface soil and sediment, and leaching to groundwater and
subsequent groundwater transport. A conceptual model of these vanous transport
pathways and the associated transport mechanisms is presented on Figure 7-1.

7.1.1  Airbome transport

Radionuclides can be transported to the atmosphere either as a gas in the case of
the various radon isotopes or as fugitive dust in the case of the other radionuclides. Both
potential pathways are evaluated below based on site-specific data.

7.1.1.1 Radon Gas

Radon gas is discharged as a result of the decay of radium. Radon gas generated
from radioactive decay of radium present within the radiologically impacted matertals in
the landfill could potentially migrate from the various source areas along either one of
two possible pathways:

e Radon could migrate upward and be directly discharged at the surface; and

¢ Radon could be discharged in the subsurface and travel laterally along with other
landfill gases until it is able to escape to the surface.
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Both potential pathways and the extent of existing radon occurrences are evaluated
below.

7.1 1.1.1 Surface Emission of Radon Gas

The radon flux measurement program completed by EMSI in June 1997
employed the Large Areas Activated Charcoal Canisters (LAACC) method presented in
Methed 115, Appendix B, 40 CFR, Part 61 (EMSI, 1997a, 1997d). This method was
established to measure radon flux values on uranium mill tailing piles. Radon flux was
measured rather than concentration because ne structures are present in either Area 1 or
Area 2 that would result in the build-up of radon concentrations. Instead, the potential
transport pathway is the migration of the gas from the landfill into the atmosphere.

The radon flux measurements were made at 54 locations (Figure 4-14) adjacent to
the soil boring locations within the grids established for the soil sampling programs
within Area 1 {one sample in each of 22 grids) and Area 2 (one sample in each of 32
grids). These locations were developed by McLaren/Hart (1997a) using a stratified
random technique consisting of both biased and unbiased sampling locations and are
thus, for the large part statistically unbiased. Each sample location in Area | is
representative of an approximately 38,250 square fool area within individual 170 foot by
225 foot grids. Each sample in Area 2 is representative of an approximately 67,600
square foot area within individual 260 foot by 260 foot grids. In addition to the 18 gnd
locations established by McLaren/Hart for Area 1, four additional locations, coincident
with the four additional borings drilled by EMSI in May 1997 were also used for radon
flux measurements. The radon flux monitoring locations are presented on Figure 4-13.
The results of the radon flux measurements are summarized in Table 7-1.

No standards for radon emisstons directly applicable to the landfill have been
established. 1n 40 CFR Pan 61, EPA established a standard of an average of 20 pCi/m’s
for radon emissions for uranium mill tailings from a number of samples (generally 100)
collected from the surface of the tailings in a statstically unbiased fashion. Although this
standard is only directly applicable to uranium mill tailings, it represents a health-based
standard derived by EPA that can be used for comparative purposes until a more specific
health-based cnterion is developed in the FS based on the results of the BRA.

Based on the radon flux measurements obtained by EMSI (1997d) the average
radon flux from Area 1 is 13 pCi/m’s (Table 7-1). This value is below the standard for
uranium mill tailings. Only two discrete radon flux measurements in Area 1, from
locations WL-102 (246 pCi/m’s) and WL-106 (22.3 pCi/m’s), were above the 20 pCi/m’s
standard for average flux from uranium mill tailing piles. These two locations represent
the majority of the total radon {lux measured in Area 1. Boring WL-102 had down-hole
gamma readings with a maximum peak of approximately 58,000 counts per minute at a
depth of approximately three feet; however, the soll samples obtained and analyzed from
this boring did not contain radionuclides above reference levels. Boring WL-106 had
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down-hole gamma readings with a maximum peak of approximately 260,000 counts per
minute at a depth of approximately 6.5 feet. Both the surface and subsurface soil samples
from boring WL-106 conlained radionuclides above the reference levels. The average
flux for all of the other portions of Area 1, exclusive of these two locations, is only 0.87
pCi/m’s, which is approximately 4% of the allowable flux for uranium mill tailing piles.

Based on the radon (lux measurements obtained by EMSI (1997d), the average
radon flux for Area 2 is 28 pCiImzs. This average is above the EPA uranium mill tailings
standard; however this value is due solely to the results obtained from two locations, WL-
209 (513.1 pCifmzs) and WL-223 (350 pCi;’mzs). The results obtained from these two
locations represent the vast majority of the radon flux found in Area 2. Boring WL-209
had down-hole gamma readings with a maximum peak of approximately 740,000 counts
per minute at a depth of 2.5 feet. The analytical results obtained from the surface and
subsurface soil samples from this boring contained radionuclides above reference levels.
The maximum down-hole gamma reading displayed in boring WL-223 was only 7,000
counts per minute at a depth of four feet. In addition, analyses of the soil samples from
this boring did not indicate the presence of radionuclides above reference levels. Asa
result, the source of the radon emissions detected at this location is unclear. The average
flux for all of the other portions of Area 2, exclusive of these two locations, is only 0.94
pCi/m’s, which is approximately 5% of the allowable flux for uranium mill tailing piles.

Once the radon is emitted from the surface of the landfill, it will be subject to
dilution and dispersion processes active in the atmosphere. The radon flux was measured
directly at the ground surface within the confined space of each LAACC. The actual
radon emissions will immediately be dispersed by atmospheric movement as the gas
migrates from the ground surface, resulting in far less exposure to the potential receptors
than was measured using the LAACC. This dispersion effect has been addressed as part
of the baseline risk assessment for on-site workers. In assessing potential offsite risks, if
any, the effect that additional dispersion will have on radon concentrations as the gas
molecules that may be present in the atmosphere migrate toward the landfill boundaries
may need to be considered.

7.1.1.1.2 Radon Migration With Landfill Gas

Radon gas from Areas | and 2 could also conceivably migrate laterally along with
other landfill gases until it emerges at the surface or is captured by the landfill gas
collection system on the south side of Area 1. The average radon flux for all 54
measurements across Area | and Area 2 is 22 pCi!mzs. In a worst possible situation, the
generated radon gas would migrate toward the collector system; however, radon
concentrations would decline as radioactive decay of radon occurs. Given the 3.8-day
half-life for radon-222, the pnmary radon radionuclide of concern, the final concentration
at the landfill boundary wouid thus be substantially lower. In addition, landfill gases
generated from the remaining areas of the landfill would further dilute the radon
concentrations within the landfill gases as they migrated from their original locations
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toward the landfill boundaries. As a result, it is reasonable to expect that the radon flux
that may be present in landfill gas that migrates to either the gas colle;clion system or the
landfill boundaries will be well below the EPA standard of 20 pCi/mi’s.

Exposures from radon gas exhausted from the existing landfill flare were
evaluated by Golder Associates (Golder Associates, 1995¢). Golder collected samples
from the flare and evaluated the resulting radon-222 measuretments relative to probable
risk. Golder concluded, “recent measurements of radon daughter products, 1o which on-
site workers may be potentially exposed via inhalation, are nearly 10 times below the
recommended EPA regulatory limat...”

EMSI does not constder radon migration in landfill gas to be a viable migration
pathway based upon the following factors:

¢ Measurements made by Golder of radon concentrations near the landfill office
and in the landfill gas collection system;

e The overall average flux measured by EMSI was only slightly above the EPA
standard; and

e The anticipated fate and transport processes associated with gas migration
within the landfill as discussed above.

7.1.1.2 Fugitive Dust

McLaren/Hart conducted fugitive dust sampling on an extremely windy day (wind
speed 14 mph or greater) following a prolonged period with no precipitation to evaluate
conditions under a worst-case scenario (McLaren/Hart 1996d). Fugitive dust sampling
was performed at boring location WL-114 in Area | and at boring locatton WL-210 in
Area 2 (Figures 4-14 and 4-15). These two areas contained radionuclide activities well
above the reference levels and at or near the highest levels found in any of the surface
soil samples obtained in Areas 1 and 2 (Table 7-2).

Trace levels of both uramium-238 and thortum-232 decay series radionuclides
were detected in both the upwind and downwind samples collected from both Area | and
Area 2 (Table 7-3). The presence of extremely low levels of radionuclides, at or near the
minimum detectable activity {(MDA) levels, in the fugitive dust samples hampers the
evaluation of the results; however, some general observations can be made. Overall,
comparison of the results obtained from the upwind and downwind samples indicates that
there were little if any differences between the radionuclide levels detected in the upwind
and downwind fugitive dust samples. Considering the minimum detectable activity
(MDA) values and the sigma errors, it can be concluded that the differences in the
radiological results between the upwind and downwind locations are very minor.
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Review of the uranium-238 decay series results for Area 1 (Table 7-3) indicates
that the thorium-230 and radium-226 levels present in the fugitive dust samples were
similar to or lower at the downwind location compared to the upwind results. A slight
increase in the thorium-230 level was detected between the upwind and downwind results
for Area 2 (Table 7-3). Review of the uranium-235 decay series results indicates that
neither the upwind nor the downwind samples obtained from either Area 1 or Area 2
exceeded the MDA values. Review of the thorium-232 decay series results indicates that
their activity levels appeared to decrease across the Area 1 fugitive dust sampling
location but may increase across the Area 2 sampling location. Based upon the resulis of
the fugitive dust samples, there does not appear to be any significant radionuclide
transport via fugitive dust occurring in Area 1. There may be some radionuclide
transport via fugitive dust occurring in Area 2; however, the detected levels are so low,
and so close to the MDA values, that meaningful interpretation of the results s difficult.

The fugitive dust data were compared to published occupational exposure limit
critena for “‘stack emisstons™ (10 CFR Part 20, Appendix B, Tables 1 and 2). These
criterta utilized derived atr concentrations (DAC) which are equivalent to the
concentrations, which, if inhaled or ingested continuously over the course of a year,
would produce a total effective dose equivalent to 0.05 rem. Exposure limit
concentrations for uranium-238, thortum-230, and radium-226 are provided with these
criteria. The most stringent exposure limit levels are for uranium-238 and thornrum-230
with the most stringent of these being for thonum-230. The occupational DAC for
thorium-230 is 6 x 10™'? microcuries per milliliter (uCi/ml) which is equivalent to 0.006
picocuries per liter (pCi/l). The occupational DAC for uranium-238 is 2 x 107" uCi/ml,
which is equivalent to 0.02 pCi/l.

The maximum detected uranium-238 and thorium-230 levels in the fugitive dust
samples were 0.00071 and 0.00256 pCi/l respectively. These values are below the
occupational DAC standards presented in 10 CFR Part 20. As the fugitive dust samples
were collected within 40 feet of defined radiologically affected areas, it is anticipated that
the levels of radionuclides that may be present in fugitive dust present at the landfill
boundary would be substantially lower. Therefore, EMSI concludes that atmospheric
transport of radionuclides in fugitive dust does not appear to be a significant pathway for
offsite migration under moderately windy conditions given that the site is undisturbed
and vegetation remains intact..

7.1.2  Surface Water Transport

Radionuclides present in Areas 1 and 2 could potentially be transported to other
portions of the landfill or to offsite areas with precipitation runoff from the landfill.
Transport with rainwater runoff would include both dissolved phase transport and
suspended phase transport within the flowing runoff water. Transport of radionuclides by
these mechanisms is addressed below. In addition, potential impacts to permanent
surface water bodies, the actual or potential receptors of any offsite migration of
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radionuclides in rainwater runoff, are also addressed in this section. Erosional transport
of soil and sediment in conjunction with rainwater runoff or other processes is discussed
In the next sub-section of this report.

7.1.2.1 Rainwater Runoff Transport

The second possible pathway by which radionuclides present in Areas 1 and 2
could migrate offsite is through erosion by precipitation and subsequent transport in
rainwater/snowmelt runoff. Transport of radionuclides in runoff occurs by three possibie
mechanisms, dissolved transpon, transport of suspended sediment and transpon of
bedload sediment. The first two of these mechanisms are discussed in this sub-section.
Sediment transport is discussed in the next sub-section,

Dissolved and total concentrations measured in the rainwater/runoff samples
obtained from various locations (Figure 4-1) duning the RI were compared to published
standards and criteria to assist in the identification of contaminant occurrences and to
perform an initial evaluation of the magnitude and significance of these occurrences. The
primary criteria considered were the drinking water standards for raduim-226, radium-
228 and gross alpha particie radioactivity published in Section 10 CSR 60-4.060 of the
Missouri Code of State Regulations. These standards include the following:

For radium-226, radium-228 and gross alpha particle radioactivity, the
maximun contaminant level (MCL} shall be:

Combining radium-226 and radium-228, five picocuries (5pCi) per
liter. A gross alpha pariicle acrivity measurement may be
substituted for the required radium-226 and radium-228 analysis.
but only if the measured gross alpha particle activity does not
exceed five (5) pCi/l.

Measuring gross alpha particle activity, including radium-226 but
excluding radon and uranium, fifteen (15) pCi/l. When the gross
alpha particle activity exceeds five (5) pCi/l, the same or an
equivalent sample must be analvzed for radium-226. If the
concentration of radium-226 exceeds three {3} pCi/l the same or an
equivalent sample shall be analyzed for radium-228.

In order to assess the potential for radionuclide migration in rainwater runoff,
McLaren/Hart installed weirs at nine locations to obtain runoff flow measurements and
samples of rainwater runoff (McLaren/Hart, 1996e). These nine locations included four
locations in Area 1 and five locations in Area 2 (Figure 4-13), An additional location
(weir 10) was established by EMSI in Area 2 to assess the effects of mixing of Area 2
runoff with runoff from other areas of the landfill outside of Areas 1 and 2 at weir 9

{Figure 4-13).
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The EPA approved RI/FS Work Plan envisioned that all nine locations would be
sampled during the same runoff event; however, during the initial R{ field investigations,
runoff sufficient 1o allow for sample collection was not present at all nine locations
during any particular precipitation event (McLarerv/Hart, 1996€). In addition, the EPA
approved RI/FS Work Plan did not include analysis of the runoff samples for gross alpha
radioactivity. Furthermore, the MDA levels achieved during the initial sampling events
were not sufficiently low enough to allow for comparison of the results to the Missoun
standards. As a result, additional sampling was performed by EMSI pursuant to an
Amended Sampling and Analysis Plan (ASAP) approved by EPA (EMSI, 1997a).
Precipitation evenis performed subsequent to EPA’s approval of the ASAP were also not
sufficiently intense to permit sampling of all of the runol(f locations.

Although neither McLaren/Hart nor EMSI were able to obtain samples from all of
the runofT locations during a single sampling event, samples were obtained from nine of
the ten runoff locations (all except weir 6) during the vanous sampling events. At some
of the sample sites (weirs 8 and 9), flowing water was not present at the time of sample
collection; however, ponded water was present at these locations and samples of the
ponded water were obtained. The analytical results for rainwater runoff samples
collected by McLaren/Hart and EMSI are presented in Appendix D.

Review of the rainwater runoff results indicates that radium levels above the
drinking water standard were only present in the sample from weir 9. Specifically, the
radium-226 level detected in the unfiltered sample obtained in April 1996 from this
location was 8.85 pCi/l compared to the drinking water standard of 5 pCi/l. The filtered
sample obtained from this location during the same sampling event contained only 0.80
pCt/l indicating that the majority of the radium-226 detected in the unfiltered sample is
present as suspended sediment. Due to high MDA levels, the radium-228 results for this
sampling event are meaningless. Subsequent sampling of rainwater runoff from this
location in May 1997 indicated that the combined radium-226 (0.32 pCi/l) and radium-
228 (<0.87 pCi/1) did not exceed or even come close to the dnnking water standard.

As will be discussed below as part of the evaiuation of sediment migration, the
fate of any surface water or sediment that migrates from the vicinity of weir 9 would be
to enter the drainage ditch along the intenor access road. From the drainage ditch along
the interior access road, surface water and transported sediment would potentially flow
into the drainage ditch along the north side of the landfill access road and ultimately
could enter the perimeter drainage ditch along St. Charles Rock Road. Any runoff water
or sediment that enters the perimeter drainage ditch would flow into the North Surface
Water Body. -

In addition to radium-226, McLaren/Hart analyzed rainwater runoff samples from
Area | for thorium-228, -230, and -232 as well as uranium 235/236 and uranium 238,
With the exception of uranium-238, the concentrations of these radionuclides were well
below | pC¥/1. The concentrations of uranium-238 varied from 0.36 pCi/l to 3.66 pCi/l.
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The rainwater runoff samples from Area 2 were analyzed by McLaren/Hart for all
the radionuclides in the three decay series; however, the minimum detectable activity
levels for thorium-234, lead-214, bismuth-214, lead-210, uranium-235, protactinium-23 1|,
actinium-227, radium-223, radium-228, radium-224, lead-212, and thallium-208 all
exceeded 10 pCi/l. The radionuclides measured in the rainwater runoff sample from weir
5 had concentrations that generally ranged from [ to 6 pCi/l except for uranium-234 and
uranium-238 for which the concentrations generally ranged between 40 and 49 pCi/l.
The other Area 2 sampling locations displayed radionuclide concentrations that were
stmilar to those measured in the ratmwater runoff samples obtained in Area |.

Based on these analytical results, rainwater runoff represents a potential pathway
for radionuclide migration from Areas 1 and 2. Rainwater runoff potentially containing
dissolved or suspended radionuclides could potentially be transported from Area 1 or the
southeastern portion of Area 2 into the drainage ditches at the landfill. Depending upon
the magmtude and duration of the storm event associated with any rainwater runoff
transport, dissolved or suspended radionuclides could be further transported into the
perimeter drainage ditch along the along the northeastern boundary of the landfill
{southwestern side of St. Charles Rock Road). From the perimeter dramage ditch,
dissolved or suspended radionuclides could potentially enter the North Surface Water
Body depending upon the magnitude and duration of the rainwater runoff. Similarly,
rainwater runoff potentially containing dissolved of suspended radionuclides could
polentially be transported from the western portions of Area 2, down the landfill slope
and onto the Ford property.

In either case, depending upon the magunitude and the duration of the rainwater
runoff event, the resultant surface water flow may not extend all the way to the North
Surface Water Body or all the way on to the Ford Property. The extent to which the
suspended or dissolved radionuclides are transported via rainwater runoff depends upon
the magnitude of the prectpitation event and the resultant surface water runoff. If
continuous surface water flow is not established all the way to the North Surface Water
Body or the Ford Property, the dissolved and suspended radionuclides will be deposited
as sediment along the drainage channels. Once deposited, these materials could remain
in place, become buried by subsequent sediment deposition, or be eroded and re-
suspended or dissolved by a subsequent runoff event and be further transported along the
drainage channels. Ultimately, given sufficient flow from a single event or sufficient
flow and erosion from multiple events, any radionuclides that are transported by
rainwater runoff from Areas 1 and 2 could be deposited along with other sediments in the
North Surface Water Body or on the surface of the Ford Property.

7.1.2.2 Surface Water Samples

Along with the sampling and analysis of rainwater runoff samples, samples of
permanent surface water adjacent to the landfill into which runoff from the landfill may
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flow were also collected to assess the nature and extent of contamination at and migrating
from Areas | and 2. The two surface water bodies adjacent to the landfill are the North
Surface Water Body and the Earth City Flood Control Channel. The surface water
sampling locations associated with these two water bodies are shown on Figure 4-13. As
was discussed in the previous section, runoff [rom Areas | and 2 could potentially flow
into the North Surface Water Body. Based on topographic conditions, it does not appear
that runoff from Areas 1 and 2 could enter the Flood Control Channel.

McLaren/Hart and EMSI each collected surface water samples from these two
surface water bodies. Sampling point SW-1 was established by McLaren/Hart (1996€) in
the Earth City Flood Control Channel near the northwestern boundary of the landfill just
to the west of Old St. Charles Rock Road. Sampling point SW-2 was established by
McLaren/Hart (1996¢) in an area of ponded water located at the north end of the drainage
ditch on the south side of St. Charles Rock Road which was identified by McLaren/Hart
as the “North Surface Water Body.” This second surface water sampling point is located
immediately north of the landfill property.

The results of the sampling and analyses of these two surface water locations are
included in Appendix D. Gross alpha measurements were only obtained in 1997. These
results did not exceed the Missouri MCL of 5 pCi/l for gross alpha. Furthermore, none of
the radium sample results exceeded the Missouri MCLs of combined total for radium-226
and radium-228 of 5 pCi/l.

The radium-228 results obtained by McLaren/Hart (1996¢) could not be directly
evaluated relative to the MCL because of high MDA levels (>200 pCi/l). The radium-
226 concentrations detected in the McLaren/Hart samples were generally less than the
concentrations detected in the EMSI samples. The activities for radium-226 and radium-
228 were nearly equal for each sample collected by EMSI. Assuming the radium-228
concentrations in the McLaren/Hart samples also are approximately equal to the radium-
226 values, then the McLaren/Hart results would not have exceeded the MCLs.

Based on the results of the rainwater runoff sampling, dissolved or suspended
transport in rainwater runoff does represent a potential migration pathway for transport of
radionuclides from Areas 1 and 2. Given the relatively low levels of radionuclides
present in rainwater runoff and the lack of significant impacts in the surface water bodies,
this pathway is not considered to be a major mechanism for transport of radionuclides
from Areas | and 2. As will be discussed below, transport of sediment in conjunction
with rainwater runoff represents a more significant migration pathway.

7.1.3 Sediment Transport

Erosional transport of soil and sediment onsite and offsite was the third migration
pathway identified for QU-1. Potential sediment transport pathways include surface
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drainage channels and erosion of sediment from the northern slope (landfill berm) of
Area 2.

7.1.3.1 Sediment Transport in Surface Drainage Channels

To assess the potential migration of radionuclides in sediment along the surface
water drainage channels, samples were obtained of the sediments present at each of the
various rainwater runoff locations. Two sets of sediment samples were collected. The
first set of sediment samples were collected by McLaren/Hart from the Area 1 weir
locations in May 1995 and from the Area 2 weir locations in April 1996 (McLaren/Hart,
1996e). A second set of sediment samples was collected by EMSI in May 1997. The
purpose of collecling these sediment samples was to evaluate the extent of radionuclide
transport in sediments from the various weir locations.

Analytical results for the sediment samples collected during each of these
sampling events are summarized in Appendix E. The surface soil reference levels are
also included on tables contained in Appendix E as no specific standards exist for
sediment materials. As discussed in detail at the beginning of Section 6, these standards
are only applicable to uranium and thorium mill tailings sites and health based criteria
appropriate for use in QU-1 will be developed as part of the FS based upon the results of
the BRA evaluations.

Results of the sediment sampling and analysis indicale that radiological
constituents are present in sediments above surface reference levels at weirs [ and 2 1n
Area | and at weirs 5, 6, 7 and 9 in Area 2. The exit points for sediment {rom OU-1
differ for Area 1 and Area 2 so they will be discussed separately.

7.1.3.1.1 Area | Surface Drainage

The sediment samples from weirs 1, 2, 3 and 4, which are located in Area I,
represent soil material eroded from the surface of Area 1. Based upon the surface
topography of Area 1, soil eroded from the surface of Area 1 is transported to the north-
northwest to the drainage ditch located on the north side of Area | along the south side of
the main landfiil access road. Accumulated sediments in the drainage ditch along the
north-northwest boundary of Area 1 can potentially be transported to the northeast along
the ditch to the landfill boundary. From this drainage ditch, transported sediments could
migrate into the landfill perimeter drainage ditch located on the southwest side of St.
Charles Rock Road. Water and sediments present in the landfill perimeter drainage ditch
along the southwest side of St. Charles Rock Road could subsequently migrate 1o the
northwest to the North Surface Water Body located just to the north of the northernmost
extent of the landfill.
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McLaren/Hart collected sediment samples from each of the four weir locations in
Area | (Figure 4-13) in May 1995. Results of the analyses of these samples indicated
that the sediment present at weir 2 contained several radionuclides of the uranium-238
and uranium-235 decay series at concentrations greater than their respective reference
levels. Radionuclide concentrations greater than reference levels included thorium-230,
radium-226, lead-214, bismuth-214 and lead-210 of the uranium-238 decay series and
protactinium-231, actinium-227 and radium-223 of the uranium-235 decay senes.
Sediment samples from the other three weir locations did not contain radionuclide
concentrations above reference levels; however, some of these samples did contain
radionuclide concentrations greater than background levels.

As discussed above, sediment samples obtained from weir 2 in Area 1 (Figure 4-
13) contained radionuclides, (principally but not exclusively thorium-230, radium-226,
and lead-210) at levels greater than the surface soil reference levels (Tables E-1, E-2 and
E-3 in Appendix E). Although the original RI sediment samples obtained from Weir 3
did not contain radionuclides above reference levels, the subsequent sample obtained in
May 1997 as part of the ASAP testing did contain thoium-230 at 11.6 pCi/g compared to
a reference level of 7.54 for this isotope. In addition to the above locations, samples from
weir | in Area | contained throium-230 and radium-226 at levels greater than
background but less than the reference levels. None of the samples obtained from weir 4
located along the north side of Area 1 immediately south of the landfill office building
contained radionuclides above background levels.

In order to assess the extent of radionuclide transport in sediments from Area |,
EMSI subsequently collected sediment samples from four locations along the access road
drainage ditch and the landfill perimeter drainage ditch in May 1997. These four
additional sample locations are also presented on Figure 4-13.

Sample SED 1 is located at the intersection of the property boundary and the
drainage ditch south of the main landfill access road. An oniginal and a duplicate sample
were obtained by EMSI from this location. Both of these samples contained
radionuclides at, or slightly exceeding, the surface reference levels; however, the specific
constituents exceeding reference levels varied in the two samples. The primary sample
contained radium-226 at an activity level slightly higher than the reference level (6.7
pCi/g verses 6.3 pCi/g); however radium-226 was not detected in the duplicate sampie
(the minimum detectable activity level was 5.06 pCi/g for the duplicate sample).
Similarly, the duplicate for sample SED | contained uranium-234 at an activity level ol
16.3 pCi/g verses a reference level of 7.73 pCi/g; however, the original SED | sample
had a measured level of uranium-234 of only 0.95 pCi/g. The results indicate that
significant heterogeneity in the radionuclide occurrences in sediment exist on 4’ localized
basis. Other than uranium-234 and radium-226, no other radionuclides were detected
above the surface reference level in either the original or duplicate sample from location

SED 1.
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Samples were also collected in the drainage ditch north of the landfill access road
(SED-2) and at two locations in the perimeter drainage dilch situated along the edge of
St. Charles Rock Road (SED-3 and SED-4, see Figure 4-13). No radionuchdes,
including radium-226 and uranium-234, were detected above their respective surface
reference levels in any of these samples.

Although thorium-230 was not detected above its reference level in any of the
internal or perimeter drainage ditches, samples obtained from SED-1, SED-3 and SED-4
all contained thorium-230 above its background level. The sample from SED-4 also
contain radium-226 above the background level. The sample from the SED-2 location
did not contain any radionulcides at levels above reference or background levels.

It should be noted that some of the minimum detectable activity values obtained
for the sediment samples slightly exceeded their respective reference levels. Most
notably, the MDA levels for some of the lead-210, protactinium-231, radium-223,
radium-224 and the bismuth-212 analyses exceeded their respective reference levels. The
most significant deviation of the MDA levels relative to the reference levels occurred in
samples SED-3 and the duplicate to SED-1, which had excessively high minimum
detectable activity values for lead-210. Although some of the sample analyses had MDA
values above the reference levels, review of the results does not indicate that the elevated
MDA values have affected the evaluation of the nature and extent of contamination.
Duplicate samples with appropriate MDA values were available for some of the samples
or the results of the analyses for the other radionuclides in each of the decay series were
sufficient to assess whether or not contamination was present at each of the sample
locations.

Based on the results of the sediment sampling, erosion of surface soils in Area |
and subsequent sediment transport to the north-northwest boundary of Area | into the
landfill access road drainage ditch has occurred and contlinues to occur in response to
significant precipitation events. Sediment transport along the landfill access road
drainage ditch into the landfill perimeter drainage ditch along St, Charles Rock Road also
has occurred; however, the available sediment data do not indicate that transport of
contaminated sediments has occurred down (to the northwest) along the landfill perimeter
drainage ditch. Elevated levels of radionuclides were not detected in the sediment sample
obtained from location SED-3. In addition, based on the analyses of the sediment sample
from location SED-4, elevated levels of radionuclides are not present in the sediments in
the North Surface Water Body. Presumably, any sediments that may have been
transported from Area 1 to the landfill perimeter drainage ditch apparently have
accumulated upstream (south) of the culvert beneath the landfill access road.

Although the sediment sampling results did not indicate that sediment transport
has occurred along the landfill perimeter drainage ditch north of the culvert beneath the
landfill access road, the potential for sediment migration to the northwest along the
landfill perimeter drainage ditch cannot be eliminated. To the extent that sediment
transport occurs along the landfill perimeier drainage ditch, it is anticipated that any
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sediments that may be transported along this pathway would accumulate in the North
Surface Water Body and due to the stilling effects of this water body, would not be

transported further offsite.

7.1.3.1.2 Area 2 Surface Drainage

Sediment samples were obtained from the (ive original weir locations (wetrs 5, 6,
7,8,and 9) in Area 2. Weirs 8 and 9 are located in the southwestern portion of Area 2.
Runoff and sediment from the southwest portion of Area 2 is transported to the southeast
along the drainage located adjacent to the intemal access road that ultimately joins the
drainage ditch along the landfill access road. Any sediments transported from Area 2
along the internal access road drainage to the landfill access road drainage ditches could
polentially be transported to the perimeter drainage ditch along St. Charles Rock Read
and ultimately could enter the North Surface Water Body.

Review of the analytical results for the sediment samples obtained from the
locations of weirs 8 and 9 indicates that none of the radionuclides exceeded reference
levels in the samples obtained from weir 8 but that reference levels were exceeded in the
samples from weir 9. Specifically, with the exception of the uranium isotopes, all of the
radionuclides of the uranium-238 decay series were detected at concentrations greater
than their respective reference levels. Most notably, the thorium-230 levels in sediment
at weir 9 were 20 to 150 times greater than the reference level. The other thorium
isotopes (thorium-232 and thorium-228 of the thorium-232 decay series) were also
present at concentrations above their reference levels in the sediment samples from this
location. Actinium-227 (uranium-235 decay series) was also detected at slightly above
its reference level in the May 1997 sediment sample from this location.

As discussed above, sediment samples obtained from weirs 5, 6, 7 and 9 in Area 2
(Figure 4-13) contained radionuclides, (principally but not exclusively thorium-230,
radium-226, and lead-210) at levels greater than the surface soil reference levels (Tables
E-1, E-2 and E-3 in Appendix E). Both samples obtained from weir 8 in Area 2
contained thortum-230 at levels greater than background but less than the reference
levels.

Surface water and sediment transport from Area 2 through the vicinity of weir 9
would flow along the interior access road to the drainage ditch located along the northern
side of the landfill access road to the perimeter drainage ditch along St. Charles Rock
Road. Sample SED-2, collected from the landfill perimeter drainage ditch at the
confluence with the northern drainage ditch along the landfill access road, contained no
radionuclides above reference levels; therefore, sediment migration from weir 9 does not
appear to extend to offsite areas,

The available sediment data suggest that transport of contaminated sediments
from Area 2 to the landfill perimeter drainage ditch along St. Charles Rock Road has not
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occurred. Rather, these data suggest that any sediment that may be transported from Area
2 along the internal access road drainage ditch to the landfill access drainage ditch, have
accumulated within these drainage ditches and have not migrated beyond the landfill
boundary. However, the available sediment data are insufficient to eliminate the
possibility that contaminated sediment within the landfill interor drainage ditches could
potentially be transported to the land[ill perimeter drainage ditch. To the extent that
sediment transport would occur along the landfill perimeter drainage ditch, any sediment
that may be transported along this pathway would accumulate in the North Surface Water
Body and due to the stilling effects of this water body, would not be expected to be
transported further offsite.

Sediment samples were also obtained from weirs 5, 6 and 7 along the northwest
portion of Area 2 at the top of the land{ill slope above the Ford property. All three of
these locations potentially drain down onto the Ford property into the buffer area to the
north of Area 2. Uranium-238 decay series radionuclides were detected in the sediment
samples obtained from all three of these locations, most notably from wetr 5, at
concentrations slightly greater than the reference levels. In addition, as will be discussed
below, sediment transport from Area 2 down the landfill berm onto the Ford property has
occurred histonically. A potential exists for future erosion and transport of Area 2 surface
soils down the landfill berm and potentially out onto the Ford property. Based on the
limited amount of runoff observed in weirs 5, 6 and 7 during rainwater runoff sampling
activities, sediment transport from Area 2 down the landfill berm is an infrequent event
that apparently only occurs in response to0 major storm events,

Based on the results of the soil sampling on the Ford property, erosion of surface
sotls in Area 2 and subsequent sediment transport onto the Ford property has occurred.
Although the rainwater runoff and sediment sampling results did not indicate that
sediment transport from Area 2 onto the Ford property continues to occur, the potential
for such transport in response to significant precipitation evenls cannot be discounted.

7.1.3.2 Sediment Transport From Area 2 Slope Erosion

The northem portion of Area 2 is characterized by a landfill berm of
approximately 20 to 25 feet average height. Reportedly, a historic failure of this berm
occurred resulting in transport of radiologically impacted materials from Area 2 onto the
adjacent Ford property. The exact nature of this historic failure has not been described in
any of the previous reports of conditions at the landfill. In addition, the area of this
historic failure has subsequently become heavily vegetated, as has all of the landfill berm
slope, and therefore no visual evidence of this historic failure remains. '

[t has been postulated that the occurrences of radionuclides on the Ford property
possibly were the result of significant mass wasting (landslide or other slope failure) of
the slope; however, the available data indicate that this is not correct. Specifically, based
upon inspection of the area, review of aenai photographs and reports of individuals

Rl Report
West Lake Landfill OU-1
04/10/00
Page 116



present at the time, the reported “slope failure” actually was scouring and erosion
associated with runoff and erosion. Specifically, rainwater runoff flowed across and
eroded channels in the surface of Area 2 and the landfill berm as a result of the presence
of a road along the landfill slope that acted to collect and focus runoff from Area 2 down
the face of the landfill berm. This runoff and erosion was subsequently stopped through
the construction of runoff diversion berms and natural revegetation of the landfill slope.
This historic erosional scour resulted in transport of soil, some of which contained
radionuclides, from Area 2 down onto the adjacent Ford property where it meets the toe
of the landfill berm.

The conclusion that the histonc transport of radionuclides onto the Ford property
was the resuit of erosional processes rather than mass wasting is further supported by
observations made and data obtained during the R1. First, occurrences of radionuclides
on the Ford property are limited to surficial matenals with a depth of six or at most
twelve inches or less. The shallow depth of radionuclide occurrences on the Ford
property are not consistent with a deep seated failure but instead are consistent with
erosional transport and sediment deposition processes in response to an extreme storm
event(s). In addition, the establishment of extensive vegetative growth, including mature
trees, along the landfill berm is inconsistent with an unstable slope. Furthermore, no
slope failure or significant erosional loss was observed to occur duning the record
precipitation events recorded in 1993 and 1995. Detailed discussions of these
observations were previously presented in Section 4.4.4.5 of this Rl report.

Regardiess of the mechanism of past transport, soil samples collected by
McLaren/Hart and by EMSI indicate that transport of radiologically impacted soils from
Area 2 onto the Ford property adjacent to Area 2 has historically occurred. Although the
establishment of vegetation on the landfill berm and construction of a surface water
diversions both act to significantly reduce or possibly eliminate future erosional transport
of Area 2 soils onto the Ford property, the potential for future transport of Area 2 soils
onto the Ford property still exists. Results of the analyses of the erosional weir sediment
samples obtained from this area (weir locations 5, 6 and 7) indicates that some limited
transport of soil/sediment potentially could occur from the berm along the western
portion of Area 2 in response to major storm events. Specifically, at weir 5, the
sediments contained levels of several uranium-238 decay series constituents above both
background and reference levels. Other than actinium-227, constituents of the uranium-
235 and thorium-232 decay series were either not detected or not detected above
background levels in the sampie from this location. The thorium-230 levels in the
samples from weir locations 6 and 7 also exceed the reference level. Radium-226 and
lead-214 were detected at levels above the reference level in the sample from weir
location 6. Therefore, erosion and subsequent transport of surficial soils within Area 2
continues to occur; however, routine storm flows appear to be insufficient to transport
these sediments from Area 2 onto the Ford property.

Analytical results from soil samples collected from the Ford property during
implementation of the ASAP (previously discussed in Section 6.8) indicate that past
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transport of radionuclides onto the Ford property was limited to the upper 6-inches of
soil. The potential for future significant erosional failure of the landfill slope prior to
implementation of the remedy appears {o be minimal based on the following:

¢ The presence of diversion berms at the top of the landfill slope;
e The surface and vegetative conditions along the slope;
s Evaluation of sediment erosion and deposition mechanisms; and

s The lack of discemible erosion on the slope following significant precipitation
events in 1993 and 1995.

However, transport of sediments from Area 2 onto the Ford property does represent u
potential pathway for offsite migration of radionuclides.

7.1.4  Groundwater

The fourth migration pathway identified for OU-1 was discharge of perched water
or leachate within the landfill to surface water bodies or downward migration of landfili
leachate to the alluvial groundwater system and subsequent transport within the
groundwater system to offsite areas.

7.1.4.1 Migration of Radionuclides into Perched Groundwater or the Leachate Seep

During the dniling of the various borings in Areas | and 2, shallow perched water
was encountered at several locations. In addition to the perched water, one leachate seep
was identified in the northwest corner of Area 2. Figure 4-10 presents the distrtbution of
perched water identified within the landfill in Areas | and 2 and the location of the
leachate seep. As can be seen from Figure 4-10 and as indicated by McLaren/Hart in the
Soil Boring/Surface Soil Investigation Report (McLaren/Hart, 1996h), the distribution of
perched water is of limited extent and the various perched waters are isolated in nature.
Surface seepage of perched water appears to only occur in the southwestem comer of
Area 2 at the location of the leachate seep identified by McLaren/Hart.

Four perched water samples, including one from Area 1 and three from Area 2,
were collected by McLaren/Hart and analyzed for radionuclides. In addition, one sample
was obtained from the leachate seep. Resuits of the perched groundwater and leachate
sample radiological analyses are presented in Appendix C along with a complete
compilation of all of the analytical results for the perched water and [eachate seep
samples.
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Results of the radiological analyses indicate that uranium-238 decay series
constituents were present in both the perched water samples and the Area 2 leachate seep.
Uranium-238, thorium-234, uranium-234 and thonum-230 were detected in the perched
water samples. All of the radionuclides were present at levels less than 1 pCi/l except for
thorium-230 in the WL-220 (1.72 pCi/) and WL-231 (3.70 pCi/l) perched water samples.
Uranium-238, uranium-234 thorium-230 and radium-226 were all present at levels less
than | pCi/l in the Area 2 seep samples. No uranium-235 decay series constituents were
detected in the perched water samples. Thorium-232 decay series constituents were
detected in only one of the perched water samples: the sample obtained from boring WL-
219 in Area 2. This sample contained low levels of thorium-232 (0.042 pCi/l) and
thorium-228 (0.12 pCu/l).

The levels of the uranium-238 decay series constituents detected in the leachate
seep samples were similar to those found in the background groundwater monitoring
wells. In addition, radium-226 was detected at 0.83 pCi/l in this sample, well below the
MCL of 5 pCi/l for radium-226 and radium-228 combined. No analylical results are
available for radium-228 due to elevated MDA values.

Based on the limited and isolated nature of the perched water and leachate seep,
and the overall low levels of radionuclides detected in these samples, the perched water
and/or leachate seep do not represent a significant source or pathway for migration of
radionuclides from OU-1.

7.1.4.2 Existing Radionuclide Levels in Groundwater

A compilation of all of the groundwater results 1s presented in Appendix C.
Constituents in the uranium-238, uranium-235 and thorium-232 decay series were
detected in both of the upgradient background wells (S-80 and MW-107). Constituents in
the uranium-238, uranium-2335 and thorium-232 decay series were measured near
background levels in the non-background landfill wells. Constituent levels were
generally below 3 pCi/l in the landfill wells. In addition, there were minimal differences
between the results obtained from the filtered and unfiltered samples.

As discussed earlier, the Missouri MCLs apply to combined analysis of radium-
226 plus radium-228 and/or gross alpha radicactivity. The groundwater samples
collected in May 1997 were the only samples analyzed for gross alpha, radium-226 and
radium-228. The analytical results indicate that only the sample from Well D-6 exceeded
the State MCLs. The value measured at D-6 was very close to the MCL (2 combined
radium-226 and radium-228 value of 5.98 pCi/l verses the MCL value of 5.0 pCi/l). The
unfiltered result of 1.80 pCi/l for radium-226 detected in May 1997 is similar to the value
of 1.88 pCi/l reported by McLaren/Hart (1996g) for the 1996 sampling. The filtered
results obtained from this well during these two sampling events were also quite close,
1.66 pCi/l in May of 1997 compared to 2.03 pCi/l in May of 1996.

RI Report

West Lake Landfitl OU-1
04/10/00

Page 119



Table 7-4 presents a summary of all of the RI radium-226 results for the wells
sampled in May 1997. These data indicate that the radium-226 concentrations from the
previous sampling events were similar to the May 1997 results. Based on this similarity,
1t can be assumed that the actual radium-228 concentrations from previous sampling
events would also have been similar to those measured in May 1997, Therefore, with the
possible exception of well D-0, the combined radium concentrations present in the
groundwater during the previous sampling events performed by McLaren/Hart were
likely also below MCLs.

Well D-6 is a deep alluvial well located at the toe of the landfill berm within the
buffer zone on the Ford property along the northwesterm boundary of Area 2 (Figure 4-
12). Groundwater flow in this area is expected to be generally to the north-northwest,
sub-parallel to the Missourt River valley and towards the niver (Figures 5-3 through 5-6).
Therefore, well D-6 1s located downgradient of both Area 1 and Area 2. As previously
discussed. the groundwater velocity within the alluvial aquifer is approximately 0.1 feet
per day but could range from a low of 0.003 (o a high of 0.4 feet per day.

Well D-0 is part of a three well cluster located in the buffer zone on the Ford
property at the toe of the landfill berm along the northem boundary of Area 2. The other
two wells in this cluster are wells S-61 and MW-102. The levels of radium-226 found in
well S-61 are similar to those found in background well MW-107 and less than the levels
found in background well S-80. Radium-228 was not detected in well S-61; however, the
MDA levels were quite high for these analyses. Well MW-102 was not sampled as part
of the RI effort. Ford’s consultant {Dames & Moore, 1991) sampled this well prior to the
RI effort. Results of the analysis of the unfiltered sample from this well found radium-
226 at 1.1 pCi/l and did not detect radium-228 at a delection limit of 1.4 pCi/l. Neither
radium isotope was detected in the filtered sample from this well. Based on the results of
these and other groundwater analyses, Dames & Moore {1991) concluded, **...only four
(4) of the sixteen (16) samples showed detectable Ra-226 concentrations, all of which
were within normal background levels of 1 pCi/l (1.1 to 1.6).” Based on both the Rl and
the Dames & Moore results, it does not appear that the source of the radium occurrences
in well D-6 is the result of vertical migration from overlying soils or shallower
groundwater.

The S-10, 1-11, and D-12 well cluster is located approximately 500 feet to the
southeast, and approximately upgradient from the D-6 well cluster. The S-10 well cluster
is located within the boundaries of Area 2. Review of the analytical results obtained from
these three wells indicates that the radium-226 levels in the groundwater upgradient of
the D-6 well cluster are less than 1 pCi/l, similar to, or less than the levels found in the
upgradient, background wells. The radium-228§ results from these wells are generally
non-detect; however, the MDA levels were high. The only exception is the May 1997
radium-228 results obtained from deep well D-12 which indicate that the radium-228
level ranged from 0.47 to 0.67 pCi/l, again within the expected background levels. Based
on the lack of elevated radium levels in any of the wells located immediately upgradient
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of well D-6, it does not appear that the source of the radium levels detected in well D-6 1s
from upgradient groundwater.

Based upon the available data, the source of the radium levels found in well D-6
cannot be ascertained. It is possible that the radium concentration detected in this well
could be the result of either vertical migration from the overlying radiologically impacted
materials or from lateral migration from upgradient areas. However, the available data
do not support either of these mechanisms as the source of the radium levels in well D-6.
One possible source of the radium levels in well D-6 is cross-contamination during
drilling activities. It is possible that some of the surficial soil containing radionuclides
that are present on the Ford property in the vicinity of well D-6 were knocked into or
otherwise released into the boring during the dniling or construction of well D-6. If this
did occur, the introduced soit could act as a source of the observed groundwater
occurrences of radium in this well.

Even constdering the results from well D-6, EMSI does not believe that
groundwater transport represents a significant pathway for radionuclide migration from
OU-1 for the following reasons:

¢ The radium exceedance in well D-6 is only slightly above the MCL;

¢ Although well D-6 is offsite of the property, it is still within the buffer zone;

¢ Radionuclides were not detected above MCLs in other landfill wells; and

¢ Radionuclides have a low solubility in water.

This conclusion is consistent with a previous conclusion made by RMC as part of
their investigation of the radiological materials at the West Lake landfill (RMC, 1982).
RMC concluded, “These results indicate that the buried ore residues are probably not
soluble and are not moving off-site via ground water.”

7.1.4.3 Future Leaching to Groundwater and Subsequent Off-site Transport

The existing monitoring results do not indicate that leaching to groundwater and
subsequent transport with flowing groundwater currently represents a significant pathway
for radionuclide migration from OU-1. This section evaluates whether the potential
exists for this pathway to possibly be significant in the future. With continued
radioactive decay of the parent uranium and thorium isotopes, the levels of radium will
increase over time. Such increases in the levels of radium in the source areas could
potentially result in increased levels of radium in the underlying groundwater in the
future. Based upon the results of the evaluations presented below, it is EMSI’s opinion
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that leaching of radionuclides and subsequent impacts to the underlying groundwater
have not and likely will not occur in the future.

7.2 Contaminant Fate and Persistence

This section of the RI addresses the radioactive decay of the various radicisolopes
present at the landfill, the generation of “daughter ** products, and the projected changes
in radionuclide levels in the source areas over time.

7.2.1 Radioactive Decay

Radioisotopes, like all elements, are composed of smaller particles including
protons (positively charged particles with significant mass), electrons (negatively charged
particles without significant mass) and neutrons (neutrally charged particles with
significant mass). The primary fate of all radioisotopes is radioactive decay whereby the
nucleus of an atom spontaneously decomposes thereby changing its idenuty and releasing
energy. Radioactive decay results in conversion of one of the three particles of the atom
mnto another type of particle with the consequent release of energy. The type of radiation
emitted by the radioactive substances describes the methods of radioactive decay. The
three most common types of emisstons are alpha, beta, and gamma rays.

Alpha emissions consist of a stream of helium nuclei (a proton) known as alpha
particles. With alpha decay, both the atomic number (number of protons) and the atomic
mass (number of protons and neutrons) changes. For example, the decay of uranium-238
to thorium-234 occurs through the loss of an alpha particle and the atomic number of the
original uranium-238 1s reduced from 92 (uraniumy) to 90 (thornium) and the atomic
weight is reduced from 238 to 234 resulting in generation of thorium-234.

A second type of radioactive decay occurs through emission of beta rays. Beta
rays consist of a stream of electrons. Emission of beta rays can be thought of as
converting a neutron into a proton, thereby increasing the atomic number by one but
maintaining the same atomic weight. For example, thorium-234 decays to protactinium-
234, which decays to uranium-234, all of which occur through emission of beta particles.
The atomic weight of all three isotopes is the same, 234; however, the atomic number of
the thorium-234 (90} is increased to 91 in the decay to protactinium-234. Decay of the
protactinium-234 to uranium-234 further increases the atomic number to 92.

The third type of radioactive decay is through emission of gamma rays." Gamma
rays consist of electromagnetic radiation of very short wavelength (that is high-energy
photons). Emission of gamma rays changes neither the atomic number nor the atomic
mass number of a nucleus.
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Figures 7-2, 7-3 and 7-4 present the three radioactive decay series of interest to
the QU-1 RI/FS; the uranium-238 decay series, the uranium-235 decay series and the
thorium-232 decay series.

7.2.2 Changes in Radionuclide Concentrations

As a result of radioactive decay, some radioisotopes will decrease in
concentration over a given period of time while others may increase over the same period
of time. The equation defining the rate of decay, or in-growth, is a first order
(logarithmic) equation based on the concept of a half-life. The half-life is the amount of
time 1t takes one half of the radioisotope (10 decay.

The amount of a radioisotope that decays over a given period of time can be
calculated as follows:

Log No/N, =k t/2.30
Where:
= the mitial number of nuclel (initial concentration) at zero time;
N, = the number of nuclei (concentration} at a given time;

the radioactive decay constant; and
t = the time interval of interest.

Z
&
|

-~
I

The radioactive decay constant is defined as follows:
k=0.693/1,
Where ty, ts the half-life of the radioisotope of interest.

Substituting the formula for the radioactive decay constant into the formula for
radioactive decay and substituting concentration for the number of nuclides yields the

following:
loge,/c,=03t/ty,

This equation can be used, for example, to calculate the amount of radium-226,
which has a half-life of 1,602 years that will remain after thirty years of radioactive
decay. For a material with an initial concentration of radium-226 of 1,000 picocuries per
gram, the amount of radium-226 remaining at the end of thirty years can be calculated as

follows:
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logcy/ce = 0.3(30)/1602 =0.0056
Therefore,

co/c = [.013
For ¢, equal to 1,000 pCi/g,

¢, = 1000/ 1.013 =987 pCu/g

Therefore, the concentration of the radium remaining after thirty years would be 987
pCi/g.

This basic equation can be used to calculate not only the decay of a particular
radioisotope, but also the in-growth of a daughter product as a result of radioactive decay.
The equation for in-growth of a daughter product is as follows (Cember, 1988):

Ag= Ao (T Ty = To) (8 70 ~e74)
Where:

Ay = activity of the daughter product due to decay of the parent
Ap, = initial activity of the parent

T, = half-life of the parent (years)

Ty = halflife of the daughter (years)

Ap = decay constant of the parent

Ag¢ = decay constant of the daughter

t = time interval of interest (years)

and
;'t. = 0.693 f‘{ t|,.fz

Of particular interest to the assessment of potential impacts to groundwater, is the
prediction of the radium-226 concentrations that may be present in the landfill in the
future. Thorium-230 decays to radium-226 through alpha decay. As thorium-230 was
detected at levels substantially higher than the other radionuclides detected at the landfill,
with continued decay the levels of radium-226 will increase over time. The radioactive
decay equation was used to predict both the decay of thorium-230 to radium-226 and the
decay of radium-226 to radon-222 to estimate the level of radium-226 that will be present
in the future.

The arithmetic average values of thorium-230 and radium-226 from all of the
Area 2 samples were 2,140 and 189 pCi/g, respectively (Appendix A). These values -
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were used in the equations presented above to estimate the average amount of radium-
226 that would be present in Area 2 in 1,000 years. Accounting for the in-growth of
radium-226 due to the decay of 2,140 pCi/g of thorium-230 results in an estimated
radium-226 concentration of 749 pCi/g. During the same 1,000 years, the existing 189
pCi/g of radium-226 would decay to 123 pCi/g resulting in a total estimate concentration
of radium-226 of 871 pCi/g after 1,000 years.

7.2.3  Other Fate and Transport Processes

In addition to radioactive decay, other fate and transport processes affect the
concentrations of the various radionuclides that may remain at the landfill over time.
Primary among these are sorption and volatilization.

7.2.3.1 Leaching and Sorption

Leaching is the process whereby matenials in or attached to a solid phase are
separated from the solid phase and are mobilized into a dissolved phase in water.
Sorption is the process whereby a radionuclide becomes attached to the soil matrix. The
partitioning of a particular radionuclide or for that matter any element or compound,
between the soil or water phase can be estimated based on the distribution coefficient.

For example, the amount of a particular radionuclide that could leach from soil
into groundwater can be estimated using the following equations (DOE, 1992):

Where:

C,, = groundwater concentration of constituent i (pCi/1 for
radionuclides);

C, = soil concentration of constituent i (pCi/g for radionuclides),

ke = distribution coefficient for constituent i (I/g); and
D; = dilution factor between the unsaturated and saturated zones
(unitless}
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. The dilution factor is determined from the following relationship:

D, =I+Vr,*r*CF

! I*X, =,
Where:
Va4 = Darcy velocity in the saturated zone {cm/s)
t = thickness of the saturated zone (m);

CF = conversion factor (3.2 x 107 s/yr);

I infiltration rate (cm/yr);

X = length of the contaminated zone parallel 10 the direction of
groundwater flow; and
n, = effective porosity of the unsaturated zone (m* / m")

The Darcy velocity in the saturated zone 1s determined from the following relationship
. (Freeze and Cherry, 1979):

Vy=K*i

Where:

K = hydraulic conductivity of the saturated zone {(cm/s); and

1 = hydraulic gradient of the saturated zone (m/m).

Published distribution coefficient values for radionuclides are generally quite
high. Values for radium range from a low of approximately 500 L/kg for sandy soils to a
high of approximately 36,000 L/kg for silty soils (Thibault, et al., 1990) such as those
present at the landfill. As a result, radium as well as most of the radionuclides tends to
strongly partition to the solid phase. As discussed above, review of the data indicates that
the radionuclide occurrences at the West lake Landfill are consistent with this
partitioning. That is, the radionuclides present in the soils associated with QU-1 strongly
tend to remain in the soil or sediment phases rather than leaching to the water phases.
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The following values were used in the above equations to estimate the
groundwater concentration beneath the landfill that may occur after 1,000 years in the
future, that is once the radium levels have increased significantly due to decay of
thorium-230:

C, =871 pCi/g (from calculations presented above);

kg = 36 L/g (forradium in silty soils),

Vs = 8.82x 10" cmv/s (0.025 fv/d);

t = 30.48 m (100 ft);

CF = 3.2x10 s/yr;

I = 8.64 cm/yr (assumed to be 3.4 inches/yr or 10% of precipitation);

X, = 275m (900 ft which is approximately the length of Area 2 in the
direction of groundwater flow); and

n. = 0.25 m’/m’

Use of these values results in an estimated radium-226 concentration in
groundwater of 1.56 pCi/l. This value is similar to the maximum values observed in all
of the groundwater samplies. Based on this result, the maximum potential impacts are
anticipated to occur under current conditions. As a conservative estimate, the 95% upper
confidence limit of the arithmetic average values for throium-230 and radium-226 were
also utilized for an evaluation of the potential future groundwater concentrations of
radium-226. Using the upper 95% confidence limits results in an estimated average
radium-226 concentration in Area 2 soils of 1,524 pCi/g. Using this value in the leaching
calculation results in an estimated groundwater concentration of only 2.7 pCi/l in 1,000
years.

The groundwater concentrations estimated from these calculations are
conservative because the concentration in the aquifer was identified for a point directly
below Area 2 (i.e., the path length for flow within the aquifer was assumed to be zero)
although the nearest existing well is located over one mile away. In addition, the initial
leaching was assumed to occur as an equilibrium process, with the rate of desorption
from soil to water equal to the rate of sorption (i.e., no hysteresis was included in the
sorption-desorption process as is typically present). Furthermore, the concentration of
radium-226 in the saturated aquifer was approximated by assuming the contaminated
water would mix instantaneously and homogeneously with uncontaminated groundwater.
The leaching calculations performed above are independent of time and simply indicate
the concentration in groundwater that might eventually occur after 1,000 years. Actual
concentrations would be lower due to sorption processes that would occur within the

Rl Report
West Lake Landftll OU-I|
04/10/00
Page (27



unsaturated zone that would further delay the leaching of radium to the underlying
groundwater. In addition, in the presence of sulfate, which is naturally occurring to some
degree in all soils and groundwaters and is typically elevated in landfill wastes and
leachate, radium-226 will form radium-sulfate, a compound that is extremely insoluble.
As a result, the estimated concentrations of radium-226 that may occur in the future are
anticipated to be lower than any of the values that may be estimated using the equations
presented in this section.

Similar calculations were performed for uranium. Thibault et al. (1990) report
average values for the distribution coefficient for uranium of 35 L/Kg for sandy soil and
15 L/Kg for silts. Use of the geometric mean values for the Area 2 soil samples {(1.85
pCi/g for uranium-238 and 2.15 pCi/g for uranium-234) results in estimated groundwater
concentrations of approximately 3.4 to 8 pCy/L for uranium-238 and 4 to 9.3 pCi/L for
uranium-234. These results are similar to the levels detected in the groundwater samples
obtained during the RI.

7.2.3.2 Volatilization

Volatilization is the process whereby a chemical is transferred from a solid phase
or from a dissolved phase in water to a gas or vapor phase. With the exception of the
radon isotopes, the radionuclides present at the landfill are not volatile and will remain in
the solid or liquid phase. For the radon isotopes, volatilization is an important fate and
transport process. As radon is a gas, its primary fate will be to migrate to the atmosphere
and become dispersed within the atmosphere.
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8.0 NON-RADIOLOGICAL CHEMICAL OCCURENCES IN AREAS 1 AND 2

Although QU-1 is focused on occurrences of radiologically impacted materials
Areas | and 2, the purpose of the RI/FS as stated in the SOW is to investigate the nature
and extent of contamination, which is defined as both radiological and other hazardous
substances. Consequently, in the course of the field investigations and laboratory
analyses conducted for QU-1, a portion of the samples were analyzed for organic and
non-radiological inorganic constituents. The scope and extent of the investigation of
non-radiological contamination was specified in the EPA approved RI/FS Work Plan
(McLaren/Hart, 1994). This section describes the results of the sampling and analyses of
non-radiological contamination within or near the boundaries of Areas 1 and 2.

8.1 Non-Radiological Constituents Detected in Soil Samples

The soil samples collected by McLaren/Hart as part of the soil boning program
(McLaren/Hart, 1996h) were analyzed for the following non-radiological constituents:

Priority pollutant metals and cyanide,
Total petroleum hydrocarbons,

Volatile organic compounds,
Semi-volatile organic compounds, and
Pesticides and poly-chlorinated biphenyls.

As part of the field investigation and laboratory analyses, 43 soil samples from 28
borings were analyzed for volatile organic compounds (VOCs), semi-volatile organic
compounds (SVOCs), pesticides and poly-chlorinated biphenyis (PCBs) and total
petroleum hydrocarbons (TPH). Twelve of these borings were located in Area 1 and
sixteen were located in Area 2. Seventeen of the soil samples analyzed for organic
compounds came from Area 1 borings and 23 came from Area 2 borings. There were
also three field duplicates for a total of 43 soil samples analyzed for organic compounds.
Of the 43 samples collected and analyzed for non-radiological constituents, fifteen were
of surface soils including five from Area 1 and ten from Area 2.

In addition, 37 soil samples from 25 borings were analyzed for the twelve priority
pollutant metals including antimony, arsenic, beryllium, cadmium, chromium, copper,
lead, mercury, nickel, selenium, thallium, and zinc. In addition, cyanide analyses were
also performed on these samples. Nine of these borings were located in Area l.and
sixteen were located in Area 2. Eleven of the soil samples analyzed for trace metals
came from Area 1 borings and 23 came from Area 2 borings. There were also three field
duplicates for a total of 37 soil sampies analyzed for trace metals.
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A complete summary of the results of the non-radiological analyses (both organic
and inorganic) obtained from the surface and subsurface samples from Areas | and 2 is
presented in Appendix B. Additional detailed information is contained in the “Soil
Boring/Surface Soil Investigation Report” (McLaren/Hart, 1996h). The following
subsections discussed the non-radiological compounds detected, the frequencies of
detection, and the concentrations detected in the soil samples by chemical group.

8.1.1 Trace Metals Detected in Sotl Samples

A summary of the trace metal analytical results for the Area 1 and 2 soil samples
is presented on Table 8-1. A complete listing of the trace metal analytical results is
presented on Table B-13 in Appendix B. Ten of the twelve trace metals analyzed lor
were detected in all or many of the soil samples. The most commonly detected trace
metals were arsenic, chromium, copper, lead, nickel and zinc, which were detected in all
or nearly all of the 37 samples analyzed for trace metals. Beryllium was detected in
approximately half of the samples while cadmium and selenium were each detected in ten
samples and mercury was detected in only four samples. Antimony was only detected in
two samples and thallium was only detected in one sample. In addition, cyanide was
only detected in two samples.

Several samples contained trace metals at levels of thousands of parts per million
{ppm). Overall, trace metals were generally detected at levels of single digit to tens of
parts per million. These concentrations are similar to the levels found in the background
samples {(Appendix B). The laboratory reported most of the trace metal analytical results
as estimated values as the laboratory spike quality control sample results were outside of
the control limits.

The highest trace metal levels were found in the following samples: WL-114 at 0-
ft, WL-115 at 5-ft, WL-208 at 20-ft {the sample from the 5-gallon bucket), WL-209 at 0-
ft, and WL-210 at O fi. These samples contained two or three metals with concentrations
greater than ten times the background levels. These included lead with four samples
greater than ten times background, copper and nickel with three samples each greater
than ten times background, chromium with two samples and arsenic and zinc with one
sample each greater than ten times background. The concentrations of trace metals
detected in the Area 1 and 2 soil samples is described in more detail below.,

8.1.1.1 Trace Metals in Area 1 Soil Samples

Comparison of trace metal analytical results for the Area 1 soil samples to the
site-specific background concentrations (Appendix B) shows that all metals are present at
one or more locations at concentrations above background. Comparison of the data
shows that two borings contain substantially elevated concentrations above background
(WL-114 and WL-115).
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e The surface sample from boring WL-114 contained elevated concentrations of
arsenic (220 ppm), beryllium (3.3 ppm), copper (2,300 ppm), lead {320 ppm),
nickel (3,600 ppm) and selenium (250 ppm).

» The sample from 5 feet in boring WL-115 contained elevated chromium (280
ppm), lead (900 ppm), and zinc (560 ppm) concentrations. This sample also
contained 1.1 ppm total cyanide.

8.1.1.2 Trace Metals in Area 2 Sotl Samples

Companson of trace metal analytical results for soil samples from Area 2 and the
adjacent Ford Property to the site specific background concentrations shows that all
metals are present at one or more locations at concentrations above background.
Comparison of the data shows that four borings contain substantially elevated
concentrations above background (WL-206, WL-208, WL-209 and WL-210).

e The surface sample from boring WL-206 contained elevated concentrations of
beryllium (2.2 ppm), copper (160 ppm), lead (400 ppm), and zinc (400 ppm).

e The sample collected from 20 feet in boring WL-208 (the sample from the 5-
gallon bucket) contained elevated chromium (890 ppm), lead (2,100 ppm), and
zinc {1,100 ppm) concentrations. This sample also contained 0.62-ppm total
cyanide.

¢ The surface sample from boring WL-209 contained elevated concentrations of
arsenic (35 ppm), copper (360 ppm), lead (1,900 ppm), and nickel (680 ppm).

o The surface sample from boring WL-210 contained elevated concentrations of
arsenic (14 ppm), copper (280 ppm), lead (2,200 ppm), nickel (660 ppm) and
selenium (38 ppm).

These samples also contained some of other trace metals at levels only slightly
greater than background. Samples other than the six described above may also have
contained a few trace metals at levels slightly greater than background (Appendix B).

Of the 34 independent field samples (i.e. not counting the duplicate samples), the
greatest number of exceedances of background levels were associated with copper (14),
chromium (9), lead (9), and zinc (7). Lesser numbers of exceedances were associated
with arsenic (5), nickel (5), and beryllium (3). Cadmium, mercury and selenium were not
detected in any of the background samples and consequently site-specific background
levels were not established. Cadmium was detected in eleven, mercury in four, and
selenium in ten of the 43 samples.
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8.1.2 Total Petroleum Hydrocarbons Detected in Soil Samples

A summary of the total petroleum hydrocarbon (TPH) analytical results is
presented on Table 8-2. A complete listing of the trace metal analytical results is
presented on Table B-14 in Appendix B. TPH analyses were performed on the 43 soil
samples for gasoline, diesel and motor oil range hydrocarbon compounds. Gasoline
range hydrocarbons were detected in six, diesel range hydrocarbons in four, and motor oil
range hydrocarbons in twenty of the 43 samples. The highest concentrations of TPH
were detected in the sample of the matenal in the 5-gallon bucket obtained from the 20-ft
depth of boring WL-208.

Of the soil samples, the highest TPH levels were found in the samples obtained
from the 15-ft depth of boring WL-210, the 16-ft depth in boring WL-230, and the 25-ft
depth of boring WL-218. Lesser amounts of petroleum hydrocarbons, but still at levels
above 100 ppm, were detected in the surface sample from boring WL-114 and samples
from depths of 5-ft in borings WL-101 and WL-115 in Area 1. In Area 2, samples from
the 15-ft depth in boring WL-208, 25-ft depth in boring WL-214, 43-ft 1n boring WL-226
and 40-1t in boring WL-227 all contain petroleum hydrocarbons at levels greater than 100
ppm. Additional discussions of hydrocarbon occurrences in Area 1 and 2 soil samples
are presented below.

8.1.2.1 Petroleum Hydrocarbons in Area 1 Soil Samples

Petroleum hydrocarbons were detected in four borings WL-101, WL-106, WL-
114, and WL-115 in Area 1. Detections of total petroleum hydrocarbons included:

¢ Gasoline range constituents were detected at the 5-foot depth in boring WL-115 at
a concentration of 120 ppm. Diesel range hydrocarbons were also detected at 100
ppm in this sample.

e Diesel range constituents were detected in the surface sample from boring WL-
114 at a concentration of 130 ppm.

e Motor oil range constituents were detected in three borings (WL-106 at 0-ft, WL-
114 at 0-ft, and WL-115 at 5-ft) at concentrations ranging from 76 to 130 ppm.

8.1.2.2 Petroleum Hydrocarbons in Area 2 Soil Samples

Petroleum hydrocarbons were detected in Area 2 in 15 borings (WL-206, WL-
208, WL-209, WL-210, WL-213, WL-214, WL-215, WL-218, WL-221, WL-222, WL-
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226, WL-227, WL-230, WL-231, and WL-235). TPH detections in Area 2 sotls

. included:

* Gasoline range constituents were detected in three borings at concentrations
ranging from of 240 to 2,600 ppm.

e Diesel range constituents were detected in three borings at concentrations ranging
from 51 to 310 ppm.

* Motor oil range constituents were detected 1n 15 borings at concentrations of 19
to 2,100 ppm.

Overall, the greatest levels of petroleum hydrocarbons detected in any of the soil
samples were found in the sample from the five-gallon bucket obtained from the 20-foot
depth in boring WL-208 and the soil sample obtained from the 15-foot depth in boring
WL-210.

8.1.3 Volatile Organic Compounds Detected in Soil Samples

Volatile organic compounds (VOCs) were only detected in approximately three-
quarters of the 43 soil samples {Table 8-3 and Table B-15 in Appendix B). The pnmary
VOCs detected were aromatic hydrocarbons (toluene, xylenes, etc.) and ketones (acetone
. and 4-methyl 2-pentanone) and isolated occurrences of methylene chloride. With the
exception of a few samples, the concentrations of the individual VOCs detected were less
than one ppm. The majority of the VOC results were estimated values.

The one analysis that displayed high levels of VOCs was from the sample (WL-
208 at 20 ft) of the contents of a severely damaged 5-gallon container that was brought up
with the augers during drilling operations. In addition to containing gasoline and motor
oil range hydrocarbons, this sample contained stained soil with benzene at 120 ppm,
toluene at 8,300 ppm, ethylbenzene at 300 ppm, xylenes at 2,300 ppm, acetone at 1,400
ppm, methylene chloride at 240 ppm, and 1,1-dichloroethane at 270 ppm. All of these
results were estimated values.

The highest levels of VOCs in a soil sample were found in the sample obtained
from boring WL-210 at 15 ft which contained toluene (140 ppm) and xylenes (166 ppm)
along with lesser amounts of ethyl benzene (32 ppm) and 2-butanone (50 ppm). All of
these results were estimated values. A high level of 1,4-dichlorobenzene was detected in
the soil sample obtained from the 16-ft depth from boring WL-230. In general, the
samples with the highest detected levels of VOCs (WL-115, WL-208, WL-210, WL-218,
and WL-230) corresponded with samples that also contained high levels of petroleum
hydrocarbons.
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8.1.4 Semi-Volatile Organic Compounds in Soil Samples

A summary of the results of the semi-volatile organic compound (SVOC)
analyses obtained from Area 1 and 2 soil samples is presented on Table 8-4. A complete
listing of the trace metal analytical results is presented on Table B-16 in Appendix B.
The detected compounds included the polynuclear aromatic hydrocarbons (PAHSs)
naphthalene, 2-methlynaphthalene, pyrene, fluoranthene and phenanthrene. The
naphthalene compounds are often associated with occurrences of fuel, oil or other
petroleum products while the other PAH compounds detected may be associated with oil
and fuel products but are also commonly found in conjunction with fires or fire debnis as
they can be a product of incomplete combustion.

Various phthalate esters (butyl benzyl phthalate, diethyl phthalate, di-n-butyl
phthalate and di-n-octyl phthalate) were detected in a few of the samples. Bis(2-ethyl-
hexyl} phthalate was detected in most of the soil samples. Phthalate esters are
plasticizers that are used as additives in the manufacturing of plastic products to give the
products greater or lesser degrees of flexibility or rigidity. Because of their ubiquitous
presence in plastic products and the extensive use of plastic products in analytical
laboratories and equipment, phthalate esters, in particular bis(2-ethyl-hexyl} phthalate,
are common laboratory induced contaminants or artifacts.

The detected concentrations of phthalate esters varied substantially but these
compounds were generally detected at levels of less than one to approximately ten parts
per million. In WL-115 butyl benzyl phthalate was detected at 180 ppm. In WL-208
where the 5-gallon container containing liquid was encountered during drilling and the
removed soil stained, elevated butyl benzyl phthalate (5,100 ppm) and bis(2-ethythexI)
phthalate (180 ppm) concentrations were detected.

In addition to the PAHs and phthalate esters, two phenol compounds (phenol and
4-methy! phenol) were also detected in a few of the soil samples with the highest levels
found in the sample from the 15-ft depth of boring WL-210 and the 25-foot depth from
boring WL-213. In addition, benzoic acid was also detected in three samples from Area

2 at levels from 0.15 to 0.79 ppm.

The compound 1,4-dichlorobenze, the analysis of which can be obtained from
either the VOC or the SVOC fraction, was detected in SVOC analysis of several of the
soil samples. With the exception of the sample obtained from the 16-ft depth from boring
WL-230, which contained approximately 530 ppm, only very low levels of | ,4-
dichlorobenzene estimated to range from 0.062 to 0.14 ppm were detected in the SVOC
analysis. As a result of the generally low levels of 1,4-dichlorobenzene found in the soil
samples combined with the higher detected limits obtained by the SVOC analysis, there
is only a poor correlation between the VOC and SVOC results for 1,4-dichlorobenzene.,
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8.1.5 Pesticides and Poly-Chlorinated Biphenyls in Soil Samples

A summary of the pesticide and poly-chlorinated biphenyls (PCBs) analytical
results in soils are presented on Table 8-5. A complete listing of the trace metal
analytical results is presented on Table B-17 in Appendix B. Pesticide compounds
including 4,4’-DDD, 4,4’-DDE, 4,4’-DDT, aldrin, dieldnn, endrin, beta-BHC, and
Endosulfan [ were detected at low levels, generally less than 0.01 ppm to less than 0.001
ppm (or one part per billion) in many of the soil samples. Three PCB aroclors (1242,
1248, and 1254) were detected in Areas | and 2. In Area |, three borings (WL-113, WL-
114, and WL-115) detected PCBs at concentrations ranging from 0.033 to 2.6 ppm. In
Area 2, PCB aroclors were detected in seven of eight borings (WL-208, WL-209, WL-
210, WL-214, WL-226, WL-227, and WL-230) at concentrations ranging from 0.017 to
1.6 ppm; in the eighth boring (WL-218) PCBs were detected at a concentration of 18
ppm. The samples with the greatest number of pesticide and PCB occurrences included
WL-113 at 45 fi, WL-115 at 5 ft, WL-218 at 25 ft, WL-227 at 40 ft, and WL-230 at 16 ft.
The highest levels of PCBs were detected in the 25-ft depth sample from boring WL-218
that contained Aroclor 1248 at a concentration of 18 ppm. In all of the other borings in
which PCBs were detected, the detected concentrations were approximately 2 ppm or
less.

8.2 Non-Radiological Constituents Detected in Erosional Sediments

Erosional sediment samples were collected and analyzed by McLaren/Hart for
radiological and priority pollutant constituents of concern. Sediment samples collected
by EMSI were only analyzed for radiological constituents in accordance with the EPA
approved Amended Sampling and Analysis Plan (EMSI, 1997a). Sediment sample
analytical results are tabulated in Appendix E.

Non-radiological constituents detected in the erosional sediment samples obtained
from Area 1 included trace metals, motor oil range petroleum hydrocarbons, SVOCs, and
pesticides, Detected constituents included the following:

e SVOCs were detected in sedtment samples from three of the four sampling
locations (Weirs 1, 2, and 3). The detected concentrations were less than 0.2
ppm, except for bis(2-ethylhexyl)phthalate, which ranged as high as 5.8 ppm.

s Pesticides were detected in sediment samples from three of the four sampling
locations (Weirs 1, 2, and 3). The detected concentrations ranged from 0.00034

to 0.00082 ppm,

+ Motor oil petroleum hydrocarbons were detected in three of the four sediment
samples (Weirs 1, 2, and 3). The detected range was 50 to 580 ppm with the
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highest concentration being detected in the sediment sample collected from Weir
2.

e Trace metal results were generally consistent tn all four sediment samples.
However, one sediment sample (Weir 2) indicated the presence of substantially
higher copper (61 ppm) and nickel (130-ppm) concentrations.

Non-radiological constituents detected in the Area 2 erosional sediment samples
included trace metals, motor oil range petroleum hydrocarbons, SVOCs, and pesticides.
The detected compounds included the following:

¢  SVOCs were detected in one sediment sample (Weir 7). The detected
concentrations ranged from 1.1 to 1.8 ppm.

¢ One pesticide was detected in one of the sediment samples (Weir 5). The detected
concentration was 0.00025

e Motor oil petroleum hydrocarbons were detected in one of the five sediment
samples (Weir 5). The detected concentration was 53 ppm.

¢ Trace metal results were generally consistent in all five sediment samples.
However, one sediment sample (Weir 5) indicated the presence of substantially
higher lead (60 ppm) and zinc (95-ppm) concentrations.

8.3 Non-Radiological Constituents Detected in Rainwater Runoff Samples

No trace metals or petroleum hydrocarbons were detected in any of the rainwater
runoff samples.

Non-radiological constituents detected in the Area | rainwater runoff samples
included two VOCs (ethylbenzene and xylenes) and one SVOC (2,4-dimethylphenol).
These constituents were detected only in the sample collected from Weir 2. The detected
VOC concentrations ranged from an estimated value of 2.2 parts per billion (ppb) to 13
ppb; the detected SVOC concentration was 75 ppb. No other priority pollutant
constituents of concern were detected in the four rainwater runoff samples obtained in
Area 2,

Review of analytical results for Area 2 rainwater runoff samples (Appendix D)
indicates that none of the non-radiological constituenis were present above detection
limits.
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8.4 Non-Radiological Constituents Detected in Surface Water Samples

Review of non-radiological analytical results for the North Surface Water Body
{Appendix D) indicates that only one metal, lead, was detected in both the unfiltered and
filtered samples at concentrations of 18 and 3.9 ppb, respectively. No other non-
radiological constituents were detected in the sample from the North Surface Water
Body.

No non-radiological constituents were detected in the Flood Control Channel
samples.

8.5 Non-Radiological Constituents in Perched Water and Area 2 Seep

Five metals were detected in the perched water samples (arsenic, chromium,
mercury, nickel, and zinc). The detected constituent concentrations ranged from non-
detect to 97 ppb. All of the detected metals were below their respective maximum
contaminant levels (MCLs). All sample reporting limits were below the MCLs also.

Two metals were detected in the Area 2 seep (lead and zinc). These metals were
detected in only the unfiltered samples at concentrations of 17 ppb and 130 ppb,
respectively. Both of these metals were detected at concentrations below their respective
MCLs.

Petroleum hydrocarbon compounds in the diesel and motor oil range were
detected in the perched water samples. The detected concentrations ranged from 1.3 to
14 ppm. Petroleum hydrocarbons compounds in the diesel and motor o1l range were also
detected in the Area 2 seep sample at concentrations of 0.47 and 0.48 ppm, respectively.

Aromatic and halogenated VOCs were detected in the perched water samples.
Aromatic compounds detected included: benzene (2.0 to 2.8 ppb); toluene (2.2 to 55
ppb); ethylbenzene (6 to 47 ppb); xylenes (17 to 150 ppb); chlorobenzene (11 to 29 ppb);
and 1,2-dichiorobenzene (4 ppb). Other VOCs detected included: 2-butanone (<25 to
2,100 ppb); 4-methyl-2-pentanone; acetone (22 to 1,200 ppb); and 1,2-dichloroethane (2

ppb).

Aromatic VOCs were also detected in the Area 2 seep sample, but no halogenated
VOCs were detected in this sample. Aromatic VOCs detected included: benzene (2.2
ppb), chlorobenzene (78 ppb) and 1,4-dichlorobenzene (11 ppb).

Thirteen SVOCs were detected in the perched water samples. Of these, six
SVOCs were detected in at least two of the three perched water samples analyzed for
SVOCs. The detected compounds included: benzoic acid (<75 to 810 ppb); naphthalene
(30 to 63 ppb); phenol (<30 to 140 ppb); 4-methyl phenol (3.6 to 310 ppb); di-n-octyl
phthalate (4.2 to 60 ppb); and bis(2-ethylhex!) phthalate (30 to 260 ppb).
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Two SVOCs were detected in the Area 2 seep sample. These compounds were
1,4-dichlorobenzene (6.5 ppb) and 2,4-dimethylphenol (75 ppb).

Eight pesticides were detected in one or more of the perched water samples. The
detected concentrations ranged from 0.015 to 0.18 ppb. Two PCB aroclors were also
detected in the unfiltered samples. PCB aroclor 1242 was detected in the perched water
sample obtained from boring (WL-231) at a concentration of 290 ppb. PCB aroclor 1248
was detected in the perched water sample obtained from boring (WL-219) ata
concentration of 3.4 ppb. No pesticides or aroclor PCBs were detected in the Area 2 seep
sample.

Perched water exhibited many of the conditions indicative of landfill leachate:
total dissolved solids (TDS) ranged from 2,300 to 6,300 ppm; total suspended solids
(TSS) ranged from 1,500 to 6,000 ppm; chlonde concentrations ranged from 510 to 1,500
ppm; the chemical oxygen demand (COD) ranged from 690 to 1,400 ppm; the biclogical
oxygen demand (BOD) ranged from <300 to 460 ppm; and the ammonia concentration
ranged from 93 to 220 ppm.

The Area 2 seep sample had a similar TDS concentration of 2,000 ppm; however,
all of the other landfill leachate indicator parameters were detected at lower
concentrations.

8.6 Non-Radiological Constituents Detected in Groundwater Samples

MecLaren/Hart obtained groundwater samples from 30 wells for non-radiological
analyses. These samples included twelve shallow wells, ten intermediate depth wells,
and eight deep alluvial wells (Appendix C). McLaren/Hart performed two rounds of
groundwater sampling during which non-radiological analyses were obtained. Both
filtered and unfiltered samples were collected during the first round of sampling in
November 1995. Only filtered samples were obtained for non-radiological analyses
during the second round in February 1996. The third round of groundwater sampling
performed by McLaren/Hart along with the ASAP sampling performed by EMSI were
only analyzed for radiological constituents.

The groundwater samples were analyzed for thirteen trace metals including:
antimony, arsenic, beryllium, cadmium, chromium, copper, lead, mercury, nickel,
selenium, silver, thallium, and zinc. Eight metals were detected in the groundwater
samples and are discussed below. These metals were detected in both the unfiliered and
filtered samples with the detected concentrations being generally similar, but slightly
higher for the unfiltered samples. The five metals that were not detected in any of the
groundwater samples were antimony, beryllium, cadmium, silver and thallium. The
groundwater samples were also analyzed for cyanide, but this compound was not
detected in any of the groundwater samples.
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Results of the groundwater analyses for trace metals are summarized on Table 8-

. 6. A complete summary the analytical results obtained from the groundwater samples is
presented in Appendix C. The following is a narrative summary of the trace metals
detected in the groundwater samples.

Arsenic was detected in about haif the samples at concentrations ranging from 10
to 420 parts per billion (ppb). Arsenic was detected at concentrations above 50
ppb in only four wells (S-10, S-84, MW-F3, and D-14}.

Chromium was detected in about a third of the wells at concentrations ranging
from 10 to 62 ppb. Chromium was generally only detected in the unfiltered
samples. It was detected in filtered samples in only two wells {S-5 and S-10) at
concentrations ranging from 11 to 22 ppb.

Copper was only detected in six wells and only in the unfiltered samples obtained
from these wells. The detected concentrations range from 23 to 76 ppb.

Lead was detected in almost all unfiltered samples at concentrations ranging from
3.1 to 70 ppb. Lead was detected in only two filtered water samples (S-5 and 1-4)
at concentrations ranging from 4.1 to 7.9 ppb.

Mercury was detected in only one unfiltered groundwater sample (D-14) at a
concentration of 0.21 ppb.

Nickel was detected in about a third of the wells at concentrations ranging from
21 to 110 ppb. Nickel was most frequently detected in the unfiltered samples and
only four wells contained nickel in both the unfiltered and filtered samples (S-5,
S-82, D-12, and D-83).

Selenium was detected in only one well (MW-101) on one occasion at a
concentration of 38 ppb.

Zinc: This constituent was detected in most unfiltered samples at concentrations
ranging from 28 to 310 ppb. Zinc is only detected in six filtered samples (S-1, S-
5, S-82, I-11 D-83, and D-93) at concentrations ranging from 20 to 77 ppb.

In addition to the limited occurrences of trace metals detected in groundwater,

with the exception of arsenic, trace metals generally were only detected in the unfiltered
samples of groundwater. The presence of a trace metal in an unfiitered sampied can be
due to either the actual presence of the trace metal in the dissolved phase and/or the

presence of fine-grained soil material that is not filtered out by the well screen/sand pack.

Consequently, the representativeness of trace metal occurrences in unfiltered
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groundwater samples is questionable. Therefore, only the areal distribution of arsenic
could be examined.

The majonty of the arsenic results were either non-detect or similar to the levels
found in upgradient well S-80 (see Table C-13 in Appendix C). The highest levels of
arsenic were detected in shallow well MW-F3 located near the southeast corner of Area 2
(see Figure 4-12) where in November 1995 arsenic was detected at 420 ug/L. (ppb) in the
unfiltered (total} sample fraction and 400 ug/L in the dissolved (filtered) fraction. None
of the wells located near well MW-F3 contained elevated levels of arsenic. The second
highest level of arsenic (49 dissolved and 94 ug/L total} was detected in deep well D-14
located along the southern portion of Area 1. None of the other wells located near well
D-14 displayed elevated levels of arsenic. The remaining occurrences of arsenic were
either at or just slightly above background and were less than the drinking water standard
of 50 ug/L. It should be noted that none of the groundwater samples obtained from wells
located along the northern or western boundary of Area 2 contained detectable levels of
arsenic. Therefore, arsenic does not appear to be migrating offsite from the West Lake
Landfill. In addition, review of the arsenic occurrences in the various well clusters
indicates that although arsenic may be present in the shallow alluvial groundwater, it s
generally not detected in the intermediate or deeper portions of the alluvial groundwater
system beneath Area 2.

Petroleum hydrocarbons in the diesel and motor oil range were detected in six
wells (S-5, S-8, I-11, I-65, D-14 and D-85). The detected concentrations ranged from
0.53 to 3.5 parts per million (ppm) (Table 8-7). The distribution of the few monitoring
wells that contained detectable levels of petroleum hydrocarbons does not indicate any
discernable pattemn.

Volatile organic compounds (halogenated and aromatic) were detected in about
half the wells. Eleven compounds were detected in the groundwater samples (Table 8-8)
including:

» Benzene was detected in three wells (I-2, 1-9 and D-93) at concentrations ranging
from 5.6 1o 11 ppb.

e Toluene was detected in one well (S-5) at concentrations of 19 and 45 ppb.

» Ethylbenzene was detected in two wells (S-5 and D-14) at concentrations ranging
from 13 to 22 ppb.

» Xylenes were detected in two wells {8-5 and D-14) at concentrations ra.ﬁging
from 19 to 78 ppb.

e Chlorobenzene was detected in four wells (S-84, MW-F3, PZ-114-AS and D-14)
at concentrations ranging from 6.0 to 170 ppb.
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¢ 1,2-Dichlorobenzene was detected in two wells (S-5 and MW-F3) at
concentrations ranging from 5.1 to 8.1 ppb.

¢ 1,4-Dichlorobenzene was detected in three wells (S-5, MW-F3, and D-14) at
concentrations ranging from 9.9 to 50 ppb.

¢ Cis-1,2-Dichloroethylene was detected in three wells (§-10, S-82, and D-14) at
concentrations ranging from 7.2 to 34 ppb.

¢ 1,1-Dichloroethane was detected in one well (D-13) at concentrations ranging
from 7.6 to 8.0 ppb.

e 2-Butanone was detected in only one well {D-12) on one occasion at a
concentration of 70 ppb.

¢ Acetone was detected in three wells (I-11, D-13 and D-14) during the November
1995 sampling round, but not confirmed during the February 1996 sampling
round. The detected concentrations ranged from 37 to 44 ppb.

Due to the limited number of locations containing detectable levels of volatile organic
compounds, no discernable pattemn could be identified.

Semi-volatile organic compounds (Table 8-9) were detected in six wells (MW-F3,
I-11, 1-62, D-3, D-12, and D-14). The compounds detected were 1,4-dichlorobenzene, 4-
methylphenol, di-n-octyl phthalate, and bis(2-ethylhexyl)phthalate and the detected
concentrations ranged from 12 to 290 ppb. The only compound detected during both
sampling rounds was 1,4-dichlorobenzene (18 to 38 ppb) in D-14. The compound 1,4-
dichlorobenzene was also detected using USEPA Method 8240 for VOCs. The
compound 1,4-dichlorobenzene was also detected in the two samples from this well by
the SVOC analytical method (USEPA Method 8270). Concentrations detected by the
SVOC analytical method were equal to or less than the concentrations reported by the
VOC (USEPA Method 8240) analytical method. Due to the extraction procedure in the
semi-volatile organic compound analysis, it is possible that some of the 1,4-
dichlorobenzene was lost; therefore, the results of the VOC analytical method may be
more reliable.

Three pesticides were detected during the November 1995 sampling round but not
confirmed during the February 1996 sampling . The three pesticides detected were 4,4-
DDD, aldrin, and lindane. The detected concentrations ranged from 0.011 to Q.11 ppb
Table 8-10). No PCB aroclors were detected in any of the groundwater samples.
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9.0 BASELINE RISK ASSESSMENT

A Baseline Risk Assessment (BRA) for Operable Unit 1 has been prepared by
Auxier & Associates (Auxier) in coordination with EMSI on behalf of the OU-1
Respondents. The BRA is included as Appendix A of this RI report. This section of the
RI presents a brief summary of the results and conclusions reached by Auxier as
presented in the BRA. Specifically, this section of the RI presents a summary of the
following BRA tasks:

¢ Selection of Chemicals of Potential Concern

s Exposure Assessment

Toxicity Assessment

Risk Charactenization

Uncertainty Assessment

¢ Ecological Assessment

The first five of these tasks are part of the evaluation of potential nsks to human health.
The final task is an assessment of potential impacts to possible ecological receptors that
may be present at or near the landfill.

9.1 Human Health Evaluation

A quantitative assessment of potential risks to human health was developed by
Auxier in accordance with EPA’s guidance for human health risk assessments (EPA,
1989). This assessment included the following:

o Identification of Chemicals of Potential Concern (CoPCs);
¢ Evaluation of potential exposure scenarios;

e Assessment of the toxicity associated with the radiological and non- radlologlcal
CoPCs present in QU-1;

e Characterization of the potential risks to human health posed by the CoPCs in
OU-1; and

¢ Discussion of the uncertainties associated with the risk characterization effort.
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9.1.1 Chemicals of Potential Concemn

The first step in the risk assessment process is to identify the CoPCs for which the
associated potential risks will be assessed. Contamination at the landfill consists of two
localized areas containing radioactive matenals associated with naturally occumng
uranium-238, uranium-235, and thorium-232 decay series. The radionuclides with
relatively long half-lives were selected as indicators of all of the members of the three
radioactive decay series and used as radiological CoPCs. In addition, as with any solid
waste landfili, organic and inorganic chemicals are present within the solid waste
materials. Based upon an evaluation of the concentrations and toxicity of the organic and
inorganic chemicals detected in the landfill materials, Auxier identified non-radiological
CoPCs. The radiological and non-radiological CoPCs selected by Auxier for
consideration in the human health risk assessment are summarized on Table 9-1.

9.1.2 Exposure Assessment

The potential for health effects from exposure to site-related contaminants were
estimated for potential current and possible future receptors located onsite and in offsite
areas potentially affected by releases from OU-1. Based upon an assessment of the
characterization data descnbing the source term, existing access controls, and the current
and projected future land uses, hypothetical receptor scenarios were selected for risk
characterization. These potential receptors included a landfill groundskeeper working
adjacent to Areas 1 and 2 (current), an onsite groundskeeper working on Areas [ and 2
(future), and an offsite (buffer zone or Crossroad property) groundskeeper (both current
and future). As no maintenance activities are currently being conducted in Areas | and 2,
potential exposures to an onsite groundskeeper were not evaluated under the current
exposure scenario. Other possible future exposure scenarios evaluated in the BRA
included a possible adjacent building user that either uses Areas 1 or 2 for parking or for
open storage uses associated with the adjacent building (future). Residential receptors
anywhere on the landfill or commercial building users or construction workers on Areas
1 and 2 were not evaluated due to existing deed restrictions on current and future land
uses that restrict these uses.

The physical characteristics of the Site and postulated receptor behavior were
used to identify potential exposure pathways to the hypothetical receptors. The potential
exposure scenarios identified by Auxier for evaluation in the risk assessment included the
following:

» Exposure to external radiation;
» Inhalation of dust and gas;

» Dermal contact; and
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e Incidental ingestion of soil.

These hypothetical exposure pathways were combined with the results of the toxicity
assessment to characterize the potential risks posed by OU-1.

9.1.3 Toxicity Assessment

The toxicity assessment determined the mode of toxicity of the various CoP(s,
that is carcinogenic and systemic toxicity, and provided a quantitative measure of the
toxicity. Toxicity profiles including carcinogenic slope factors and chemical reference
doses were developed for each of the CoPCs.

9.1.4 Risk Characterization

Maximum credible risks were calculated for hypothetical current receptor
scenarios including a groundskeeper performing maintenance activities adjacent to Areas
1 and 2 and a groundskeeper on the adjacent Ford property. The carcinogenic risks to
each of these hypothetical receptors were estimated to be within the generally acceptable
EPA target risk range of 10°° to 10 (Table 9-2). The dominant exposure pathway for
these receptors was determined to be external radiation exposure from radionuclides in
soil. No adverse systemic toxic effects resulting from the presence of non-radionuclide
constituents were indicated by this assessment.

The Ford property groundskeeper and the onsite groundskeeper working in Areas
1 and 2 receptor scenarios were also evaluated under projected future conditions. The
results of the baseline rsk assessment indicated that potential risks to onsite and offsite
receptors, represented by the groundskeeper working in Areas 1 and 2 and the Ford
property groundskeeper scenarios, were estimated to be 6 x 10 for Area I, 2 x 10™ for
Area 2 and 2 x 10°® for the Ford property. With the possible exception of the future
groundskeeper that may work on Areas 2, the calculated risks for the future
groundskeeper scenarios were within EPA’s target risk range of 10 to 10,

The evaluation of potential risks that might be posed to a user of a building
constructed outside of, but adjacent to Areas 1 or 2 that may use Areas 1 or 2 for parking
indicated that credible risks are expected to be within the generally acceptable EPA target
risk range of 10%t0 10, The potential risk to a future worker who may be involved in
outdoor storage activities in Areas 1 and 2 was estimated at 1 x 10™ for Area 1 and 4 x
0™ for Area 2. Nearly all of the potential risk associated with this scenario is due to
possible external radiation exposure.
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Non-radiological contaminants are unlikely to cause an unacceptable risk to
human health under future conditions for any of the onsite receptor scenarios evaluated.
Adverse systemic (non-carcinogenic) health effects are not expected, as the calculated
hazard indices for non-radiological CoPCs were significantly less than one.

9.1.5 Uncertainty Assessment

The purpose of the uncertainty assessment is to identify those types of input to the
nsk assessment that have the greatest potential to affect the results, and evaluate the
relative potential impact of those inputs on the results of the risk assessment. The areas
of uncertainty identified for the QU-1 nsk assessment include the following:

¢ Definition of the location and extent of the radiological materials;

o Characterization of the radiological source term;

e Measured or estimated quantities and concentrations;

¢ The conceptual model for QU-1;

¢ Calculations, models and numerical parameter values used for OU-1; and

e Areas, factors or other items for which limited or no information are available.

The relative potential impact of these uncertainties on the results of the nisk
assessment and the projected direction (conservative, that is tending to over-estimate the
projected risks, or liberal, that is to under-estimate the potential risks) of the bias
introduced by the identified uncertainties were estimated for the risk assessment. The
results of these estimates are summarized on Table 9-3. Overall, it was concluded that
the estimates of potential human health risks were conservative, that is the evaluations
tended to over-estimate the potential risks to human health.

9.2 Ecological Evaluation

The BRA also included a screening level ecological assessment. Consistent with
EPA guidance (EPA, 1997), the ecological assessment used a phased approach to
gvaluate the potential risks to ecological receptors potentially exposed to chemicals in
environmental media associated with OQU-1. During the initial step, problem formulation
was used to define the scope of the risk assessment. Based on the results of the problem
formulation phase, it was concluded that terrestrial ecological receptors may be exposed
to chemical contaminants in various environmental media including soils, surface water
and atr.
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Exposures to representative wildlife species via the various pathways were
estimated and the total daily exposure was calculated for each receptor species. Based
upon a comparison of these intakes to toxicity information, it was determined that
contaminants present in QU-1 may have an adverse effect upon the environment (Table
9-4). Plants, soil invertebrates such as earthworms, small wildlife species and
mammalian predators may be adversely impacted as a result of exposure to the
contaminants including the metals arsenic, cadmium, chromium, copper, lead, selenium,
and uranium present in the surface and near-surface soils.

Although the results of the ecological risk assessment indicate that a potential
impact to wildlife may exist, the conservative nature of the risk assessment assumptions
undoubtedly result in an over-estimate of the actual risks that may be posed by Areas i
and 2. One of the most significant sources of uncertainty potentially contributing to an
over estimate of the possible risks to ecological receptors is the use of the maximum
detected value as the basis for the exposure concentration. For example, the majority of
the estimated risks calculated for Area 1 result primanly from selenium and to a lesser
extent nickel and chromium. Occurrences of high levels of these metals are associated
with a single sample result, the surface sample obtained from boring WL-114. This
sample contained selenium and nickel levels of 250 and 3,600 ppm respectively, which
are substantially greater than the levels found in any of the other sampies. Using the
second highest levels detected for each of these contaminants, 1.8 and 73 ppm
respectively, which are still substantially greater than all of the other sample results,
yields substantially lower estimates of potential risk. Consequently, the calculated
potential chemical risks are highly influenced by a few elevated trace metal results, that
are not representative of the overall trace metal levels detected in the surface or near
surface soils. As a result, the potential risk estimates calculated using the maximum
values are only representative of the potential risks at a single sample location, and thus
are extremely conservative and greatly overestimate the risks that may be present at the
other locations in Areas 1 and 2.

[t should also be noted that the areas of potential impact to wildlife are located
within the landfill boundaries. Some of the ecosystems present at the West Lake Landfill
are the result of existing institutional controls and other limitations on land-use within
OU-1 which allow field succession to take place. As a result, any disturbance of the
Areas 1 and 2, such as might occur with remediation activities, may significantly aiter or
destroy the habitats that currently exist, forcing wildlife present at the West Lake Landfilj
to migrate to other areas. In addition, increasing development of the land around the
landfill has removed, and will continue to remove, significant amounts of wildlife habitat.
This overall decrease in habitat area over time will result in some larger species leaving
the area and reducing the overall ability of the area to support some types of wildlife.
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Table 9-1 : Chemicals of Potential Concem {CoPCs) for Human Health Risk Assessment

Radiological CoPCs

Uranium-238 (for uranium-238 and 2 daughters)
Uranium-234
Thorium-230
Radium-226
Lead-210

Uranium-238 + Uranium-234 /2 * 0.05 (for Uranium-235 and one daughter)
Protactinium-231

Thorium-232

Non-Radiclogical CoPCs
Arsenic
Lead
Urantum

Aroclor 1254



Table 9-2: Summary of Calculated Risks for Current and Future Potential Receptors

Potential Receptor Location Radionuclide Chemical

Cancer Risk Cancer Risk

Current Scenarios

Grounds keeper adjacent to Area 1 Onsite 1x 107 NE
Grounds keeper adjacent to Area 2 Onsite 4x10° NE
Ford property grounds keeper Onsite 6x 107 NE

Future Scenarios

Area 1 grounds keeper Onsite 6x10° 2x 107
Area 2 grounds keeper Onsite 2% 107 3x10°®
Area 1 Adjacent Building User Onsite 1x107° NE
Area 2 Adjacent Building User Onsite 4x10° NE
Area | Storage Yard Worker Onsite 1 x10* NE
Area 2 Storage Yard Worker Onsite 4x 10" NE
Ford property grounds: keeper Offsite 2x10° NE

NE = No exposure anticpated because a complele exposure pathway does not exist.

Total

Cancer Risks

1x10°
4x107

6x 107

6x 107
2x10®
1x 1073
4x10°
1x 10
4x10*

2x 10°

Hazard

Quotient

NE
NE

NE

0.0059
0.0022
NE
NE
NE
NE

NE



Table 9-3; Uncertainties Associated with Estimated Human Health Risks for OU-1

Source of Uncertainty

Extent of OU-1 areas
Heterogeneity of waste form
Bias in sampling

Inclusion of natural background
Calculation of 95% UCL

Current and future land use as
commercial/industrial

Current and future receptors as
occupational

Source release and environmental
transport mechanisms

Radon release model

Future receptor exposure mechanisms
at points of contamination

Approximating exposure with
simplified expressions

Change in individual parameter values

Slope factors and reference doses

No reference doses for some
contaminants

Extemnal exposure source geometry

Representative contaminant
concentrations

Potential Impact

on Estimated Risks

Low
High
High
Low to moderate
Moderate

None

None

Low

Low

Low

Moderate to high

Low to moderate

High

Moderate to high

Moderate

Moderate

Impact on Health
Protectiveness

Increases Protectiveness
Increases Protectiveness
Increases Protectiveness
Increases Protectiveness
Increases Protectiveness

None
None
None

Increases Protectiveness

None
Increases Protectiveness

Generally increases
Protectiveness

Increases Protectiveness

Decreases Protectiveness

Increases Protectiveness

Increases Protectiveness



Table 9-4: Summary of Estimated Ecological Risks for Operable Unit |

Receptor Hazard Quotients’ Primary Contributors”
Areal

Plants 547 Selenium and nickel
Invertebrates 152 Arsemic, chromium, copper,

mercury, nickel and selenium

White-footed mouse 3,320 Selenium, arsenic and copper
Cottontail rabbit 5,750 Selenium, arsenic and copper
American Robin 16,000 Selenium, copper and cadmium
Area 2
Plants 347 Uranium, chromium and lead
Invertebrates 144 Chromium
White-footed mouse 647 Selenium, lead and arsenic
Cottontail rabbit 1,700 Selenium and arsenic
American Robin 15,300 Selenium, lead, cadmium and
chromium

Areas 1 and 2

Red fox 154 Cadmium, selenium and arsenic
American woodcock 442 Lead and selenium
Red-tailed hawk 12.2 Selenium

1. As discussed in the text, the hazard quotients presented above are considered over-estimates of the
potential risks.

2. These compounds were identified in the Baseline Risk Assessment as the primary contributors of risk
to each of the potential receptor scenarios identified above. Occurrences of other chemicals present in
OU-1| and 2 may also result in potential risks greater than the threshold values.



10.0 SUMMARY AND CONCLUSIONS

This section summarizes the site conditions at the West Lake Landfill and
presents a revised conceptual model of the occurrence of radiologically-impacted
materials and the potential pathways through which radionuclides have or could migrate
from Areas | and 2. This section also presents a summary of the potential risks posed by
the both the radionuclides and the non-radiological compounds present in and potentially
migrating from Areas | and 2.

10.1  Summary of Site Conditions

This section presents a general summary of the surface and subsurface conditions
at the West Lake Landfill.

10.1.1 Surface Setting

The West Lake Landfill is situated on the eastern edge of the Missouri River
floodplain approximately two miles east of the river. The river is separated from the area
of the West Lake Landfill by a levee system.

Ground elevations at the West Lake Landfill range from approximately 450 to
500 feet; however, the topography of the West Lake Landfill area has been significantly
altered by quarry activities in the eastern portion of the landfill, and by placement of mine
spoils and landfill materials in the eastern and western portion of the landfill.

Area 1 is situated on the north and western slopes of a topographic high within the
landfill. Ground surface elevation varies from 490 feet on the south to 452 feet at the
roadway near the landfill property entrance.

Area 2 is situated between a topographic high of landfilled materials on the south
and the Ford property on the north. The topographic high in this area is about 500 feet on
the southwest side of Area 2 sloping to approximately 470 feet near the top of the landfill
berm along the south side of the Ford property. The upper surface of Area 2 is located
approximately 20 to 30 feet above the adjacent Ford property and approximately 30 to 40
feet higher than the water surface in the flood control channel located to the soytheast of
Area 2. A berm on the northem portions of Area 2 controls runoff to the adjacent
properties.

Surface runoff from Area 1 ultimately flows north to a drainage ditch, east to the
drainage ditch on the southwest side of St. Charles Rock Road and then north to a surface
water body within the drainage system and north of Area 2. Runoff from Area 2
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generally flows into an internal closed topographic depression within Area 2. Some of
the southern part of Area 2 drains into on-site drainage ditches that route the water to the
St. Charles Rock Road drainage system. A very small area drains through a breach in the
landfill berm for a limited distance onto the Ford property. No runoff from Area 2 flows
into the flood control channel.

Land use in the area surrounding the landfill is commercial and industrial. Deed
restrictions have been recorded against the entire West Lake Landfill 1o prevent
residential development or groundwater use from occurring at the landftll. Additional
deed restrictions have been recorded against Areas 1 and 2 to prevent construction of
buildings or utility excavations in these areas. The southernmost portion of the landfill
property is permitted for active sanitary landfill operations (Permit No.118912).

The property to the north of the landfill, across St. Charles Rock Road, is
moderately developed with commercial, retail and manufacturing operations. The Earth
City industnial park is located adjacent to the landfiil on the west, across Old St. Charles
Rock Road. The nearest residential development, “Spanish Village”, is located to the
south of the landfill near the intersection of St. Charles Rock Road and 1-270
approximately ¥ mile from Area | and 1 mile from Area 2. Mixed commercial, retail,
manufacturing and single family residential uses are present to the southeast of the
landfill. The land use zoning for the West Lake Landfill and surrounding area is shown
on Figure 3-4.

Three types of plant communities were identified in Areas 1 and 2. These include
old field and hydrophilic plant communities identified in both Areas 1 and 2 and a forest
plant community identified in Area 2 only. A fourth plant community, a maintained field
comununity, was identified in areas adjacent to the landfill. These areas are maintained
by mowing at frequency of at least once per year. No sensitive species or communities
are known to occur on the immediate landfill or surrounding area.

10.1.2 Subsurface Setting

The geology of the landfill area consists of Paleozoic age sedimentary rocks
overlying Pre-Cambrian age igneous and metamorphic rocks. The Paleozoic bedrock is
overlain by unconsolidated alluvial and loess deposits of recent (Holocene) age.

The uppermost bedrock units in the vicinity of the landfill consist of
Mississippian age limestone and dolomite with inter-bedded shale and siltstone layers of
the Kinderhookian, Osagean, and Meramecian Series. The Kinderhookian Series is an
undifferentiated limestone, dolomitic limestone, shale and siltstone unit ranging in
thickness from O to 122 feet in the St. Louis area. The Osagean Series consists of the
Femn Glen Formation, a red limestone and shale, and the Burlington-Keokuk Formation, a
cherty limestone. The Fern Glen Formation ranges in thickness from 0 to 105 feet and
the Burlington-Keokuk Formation ranges from 0 to 240 feet thick in the St. Louis Area.
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Groundwater is present in both the bedrock units and the unconsoelidated
materials. The major bedrock aquifers of the St. Louis area include the Cambrian-age
Potosi Dolomite and the Ordovician-age Gasconade Dolomite, Roubidoux Formation and
St. Peter Sandstone.

The Potosi Dolomite can be up to 324 feet thick and occurs at an average depth of
2,240 feet in the St. Louis area. The Gasconade Dolomite and the associated Gunter
Sandstone occur in thickness of up to 280 feet in the St. Louis area. These units are
overlain by the Roubidoux Formation that ranges from 0 to 177 feet thick in the St. Louis
area. The average depth of the Roubidoux Formation is approximately 1,930 feet. The
St. Peter Sandstone lies at a depth of approximately 1,450 feet below ground surface and
can be as much as 160 feet thick. Due Lo their depth, these formations are generally not
used as a source of potable water. The deeper Cambrian and Ordovician-age aquifers are
separated from shallower units by the Ordovician-age Maquoketa shale that appears to
provide confinement for the underlying deeper aquifers.

Alluvial deposits of varying thickness are present beneath Areas | and 2. The
landfill debris varies in thickness from S to 56 feet, wilh an average thickness of
approximately 36 feet in Area | and approximately 30 feet in Area 2. The underlying
alluvium increases in thickness from east to west beneath Area 1. The alluvial thickness
beneath the southeastern portion of Area 1 is less than 5 feet (bottom elevation of 420
feet AMSL) while the thickness along the northwestern edge of Area 1 is approximately
80 feet (bottom elevation of 370 feet AMSL). The thickness of the alluvial deposits
beneath Area 2 is fairly uniform at approximately 100 feet (bottom elevation of 335 feet
AMSL).

During the RI investigations, groundwater was generally encountered in the
underlying alluvium near or immediately below the base of the landfill debris. Isolated
bodies of perched water were encountered in two of the 24 soil borings drilled in Area |
and six of the 40 soil borings drilled in Area 2 as part of the R field investigations. The
perched water generally occurs in small isolated units at depths varying from five 1o 30
feet below ground surface,

Monthly groundwater levels measured in vartous landfill wells indicate that
groundwater generally occurs only in the underlying ailluvium at or below the base of the
landfill matenals with the exception of the localized perched water conditions
encountered in isolated areas within the landfill. Groundwater elevations varied
seasonally and were generally lowest during the fall and winter months (September
through March) and highest during the spring and summer months (April through
August}.

The R] data indicate that only a very small amount of relief (less than one foot)
exists in the water table surface beneath the landfill. Based on the water level data, the
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inferred direction of groundwater flow beneath Area 1 is to the south toward the active
landfill.

No public water supply wells (hat obtain water from the alluvial aquifer are
present near the landfiil. The distribution of private wells in the vicinity of the West
Lake Landfill is as follows:

¢ Four wells are located less than one mile from the landfill; however, two no
longer exist and the remaining two are not used as drinking water sources;

o Seventeen wells located between one and two miles from the landfiil including
four wells used for irmgation purposes, one well at an abandoned site, and twelve
wells used as drinking water sources; and

¢ Five wells located between two and three miles from the landfill, all of which are
used as drinking water sources.

The nearest well reportedly used as a drinking water source is located
approximately 5,300 feet to the north of the landfiil (Foth & Van Dyke, 1989). The
number of private wells has likely decreased since preparation of the Foth & Van Dyke,
1989 report due to urban and suburban development and flooding of some of the areas in
1993 and 1995.

10.2  Radiologically Impacted Materials

Radionuclides are present in a dispersed manner throughout the upper part of the
landfill deposits in Area 1 and Area 2. Approximately 50,700 square feet (1.16 acres) of
Area 1 has radionuclides exposed at the surface (upper 6 inches). Based on a thickness of
six inches, the quantity of these surficial materials is estimated to be 900 cubic yards.
Approximately 194,000 square feet (4.45 acres) of Area | have radionuclides present in
the subsurface at depths ranging up 7 feet, with localized intervals present to depths of 15
feet. The quantity of subsurface impacted soils and associated materials including refuse,
debris and fill materials is estimated at 23,500 cubic yards based upon an average
thickness of 3.3 feet. The total volume of radiologically impacted materials in Area | is
approximately 24,400 cubic yards.

Radionuclides are exposed at the surface over approximately 468,700 square feet
{10.76 acres) of Area 2. The quantity of these surficial matenals is estimated tg be
approximately 8,700 cubic yards. An additional 17,200 square feet in the northeastern
portion of Areas 2 contains soil/sediment eroded from the surface of Area 2.
Approximately 320 cubic yards of radiologically impacted materials is present in this
area. Radionuclide impacted materials are present in the subsurface beneath
approximately 817,000 square feet (18.76 acres) of Area 2 at depths of up to
approximately 12 feet, with some localized deeper intervals. The quantity of subsurface
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impacted soils and associated materials including refuse, debris and fill matenials in Area
2 15 eslimated to be 109,200 cubic yards based upon an average material thickness of 3.6
feet. The total volume of radiologically impacted materials in Area 2 is approximately
118,000 cubic yards. An additional 196,000 square feet of impacted matenals are present
in the southem portion of the Ford property, immediately north of Area 2. Based on a 6-
inch thickness, these malterials represent an additional 3,600 cubic yards.

The total estimated area underlain by radiologically impacted materials in Areas 1
and 2 is approximately 28 acres. The total estimated volume of radiologically impacted
materials, including the refuse and unimpacted soils that are presented in the same depth
interval and are co-mingled with the radiologically impacted materials is estimated o be
146,000 cubic yards.

There are three locations where relatively higher levels of radioactivity are
present. The first of these is in Area | and includes the area just to the southeast of the
facility access road and the Bridgeton Landfill office building extending from
approximately boring WL-106 to boring WL-114 and continuing to the east to PVC-38.
In Area 2, two locations with relatively higher radioactivity were identified. These
include an area around borings WL-209, WL-226, PVC-4, PVC-6, PV(C-7, PVC-19, and
PV(-35 in the north-central portion of Area 2, and an area extending from approximately
borings WL-234, PVC-10, and PVC-11 to bortngs WL-210 and WL-216 in the southemn
portion of Area 2.

In general, the isotope values above reference levels originated from
radtonuclides from the uranium-238 and uranium-235 decay series. Thorium-232 and
radium-224 isotopes from the thorium-232 decay series were also present above
reference levels but at a lesser frequency. The subsurface samples generally contained
more radionuclides at higher concentrations than the surface samples.

10.3  Potential Migration Pathways

The pathways by which radionuclides have or potentially could migrate from
Areas I and 2 include:

e Airborne transport of radon gas or transport of radionuclides in fugitive dust,

¢ Rainwater runoff transport of radionuclides dissolved or suspended in on-site or
offsite surface water or rainwater runoff,

¢ FErosion of Area | and 2 soils and transport of radionuclide impacted soils in
sediment; and
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e [eaching of radionuclides to perched water and discharge at the leachate seep or
leaching of radionuclides into the underlying alluvial groundwater and
groundwater transport to offsite areas.

10.3.1 Airbome Transport

Review of the radon flux measurements indicated that the radon flux levels over
the majority of the surface of Areas [ and 2 did not exceed EPA standards. Radon flux
levels substantially above EPA standards were measured at two locations in Area | and
two locations in Area 2 indicating that radon flux through the ground surface locally is a
potential pathway for radionuclide migration from Areas 1 and 2. Mixing of radon with
landfill gases and lateral migration from Area | or 2 through the landfill materials does
not appear to be a significant migration pathway based upon measurements of radon
concentrations in the landfill gas collection system.

Fugitive dust monitoring was conducted at one location in Area 1 and one location in
Area 2 in accordance with the EPA approved RI/FS Work Plan. The locations where
fugitive dust monitoring was performed contained the highest or some of the highest
radionuclide concentrations in surface soil samples. Results of the fugitive dust
monitoring indicated that fugitive dust is not a significant pathway for radionuclide
migration from Areas ! and 2.

10.3.2 Rainwater Runoff Transport

Some of the onstite rainwater-runoff samples did contain radionuclides above
MCLs. However, none of the radionuclides were measured at levels above MCLs in the
samples collected from the nearest offsite surface water bodies. As a result, dissolved or
suspended sediment transport in rainwater runoff is a potential pathway for radionuciide
migration from Areas 1 and 2 but does not appear to be a significant pathway for offsite
migration.

10.3.3 Soil Erosion and Sediment Transport

Some of the sediment samples collected on-site did contain levels of
radionuclides above reference levels. One sediment sample collected at the landfill
boundary on the southem side of the access road contained radium-226 at a level slightly
higher than the reference level. None of the offsite sediment samples contained
radionuclides above the reference level.

Previous erosional transport from the northern portion of Area 2 down the landfill
berm has resulted in transport of radionuclides onto the southern portion of the Ford
property located adjacent to the base of the landfill slope on the northwestern boundary of

R1 Report

West Lake Landfill OU-1
04/10/00

Page 152



Area 2. Soil samples obtained from five of the eleven locations on the Ford property
contained radionuclides above the reference level. All of these samples were from the
upper 3 to 6 inches of materials. Radionuclides were not detected above reference levels
in any of the soil samples obtained from the Ford property at depths of one-foot or more.

Based on the results of the sediment and offsite soil sample analyses, erosion of
surface soi} from Areas 1 and 2 and subsequent sediment transport has resulted in offsite
migration of radionuclides from Areas 1 and 2. Soil erosion and sediment transport is
also considered a potential pathway for future migration of radionuclides from Areas 1
and 2 during extreme precipitation events.

10.3.4 Leaching to Groundwater and Groundwater Transport

Perched water is present at isolated locations within the landfill matenials in Areas
1 and 2. Very low levels of radionuclides at concentrations of approximately 1 to 2 pCi/l
or less were detected in some of the perched water samples.

Perched water discharges from the landfill surface in the westem side of Area 2.
A sample of this leachate seep indicated that the radioisotopes present in the seep water
were all below the Missouri State MCLs. Based upon these results, the leachate seep
does not appear to be a significant migration pathway. Seepage discharge is not
considered a significant pathway for offsite migration because the water from the seeps
does not migrate offsite.

The levels of radionuclides detected in groundwater beneath and adjacent to
Areas 1 and 2 generally were below both background levels and the State of Missouri
MCLs. Only one well (D-6) contained radionuclides above the Missouri State MCLs and
the measured concentrations in this well were just slightly greater than the MCL. Based
on the relatively low solubility of radionuclides in water and their affinity to adsorb onto

the soil matnix, leaching of radionuclides into groundwater and subsequent transport in
groundwater to offsite areas is not considered to be a significant migration pathway.

10.4 Baseline Risk Assessment

The Baseline Risk Assessment (BRA) identified eight radionuclides and their
associated daughter products as Chemicals of Potential Concern (CoPCs) based on their
relatively long half-lives. Four trace metals were also selected as CoPCs for the human
health risk assessment. Based upon a comparison to EPA screening values, other trace
metals and various organic compounds detected in the soil samples obtained from Areas
1 and 2 were not selected as CoPCs as the maximum detected values of these constituents
did not exceed the nisk-based screening levels.
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Several potential human receptors were identified in the BRA including a
groundskeeper currently working adjacent to Areas 1 and 2, a groundskeeper that may
work on Areas 1 and 2 in the future, a current or future groundskeeper working offsite on
the Ford property. Possible future scenarios associated with potential worker exposures
associated with possible future uses of Areas 1 and 2 for parking or outdoor storage in
comjunction with possible future commercial/industrial development of other portions of
the landfill were also evaluated. The potenual pathways by which these receptors could
potentially be exposed to contaminants present in Areas 1 and 2 included exposure to
external radiation, inhalation of radon gas or dust containing radionuclides or other
constituents, dermal contact with impacted materials, or incidental ingestion of soil
containing radionuclides or other chemicals. Potential for exposure to contaminated
groundwater was not expected to be a significant pathway given the distance to the
nearest drinking water well and the fact that all businesses and residences in the area use
municipal drinking water supplies.

Based upon an assessment of the carcinogenic potential and systemic toxic effects
associated with each of the CoPCs, combined with the exposure assessment scenarios,
potential risks were calculated for each potential receptor. These calculations indicated
that the potential exposure to external radiation for the hypothetical groundskeeper that
currently could work adjacent to Areas 1 and 2 resulted in a carcinogenic risk of 1 x 10”
for Area 1 and 4 x 10” (one additional cancer incidence per 100,000 people) for Area 2.
These calculated risks were within the generally acceptable risk range used by EPA of
10 t0 10°. No adverse systemic effects to the groundskeeper were identified. The
potential risks to a hypothetical groundskeeper working on the Ford property adjacent to
Area 2 resulted in a carcinogenic risk of 6 x 10”7 which is also within generally
acceptable risk range used by EPA of 10™ to 10°°. As the surface soil that previously
existed on the buffer zone and Crossroad Lot 2A2 was removed and subsequent sampling
results displayed lower levels of radionuclides, the actual current risk on the former Ford
property would be even lower.

The potential risks to the future onsite groundskeeper working in Areas [ and 2
were calculated at 6 x 107 for Area 1 and 2 x 10™ for Area 2. As with the current
exposure scenario, the calculated risk for a possible future exposure for a hypothetical
offsite (Ford property) groundskeeper receptor (2 x 10%) was within EPA’s generally
accepted risk range.

The potential risks to the future worker in a building adjacent to Areas 1 and 2
that may use these areas for parking was calculated to be 1 x 10 for Area 1 and 4 x 107
for Area 2, both of which are within the generally accepted risk range of 10 to 10°® used
by EPA. The potential risks to the future worker that may be involved in cutdoor storage
uses conducted on Areas 1 and 2 was calculated to be 1 x 10" for Area 1 and 4 x 10™ for
Area 2.

Non-radiological CoPCs are not projected to cause unacceptable risks under either
the current or future exposure scenarios. Uncertainties associated with the human health
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risk assessment were addressed through the use of conservative assumptions likely
resulting in an overestimate of the actual risks that may occur.

The ecological assessment indicated that contaminants present in OU-1 might
have an adverse impact upon the environment. Plants, soil invertebrates, small wildlife
species and mammalian predators may be adversely impacted as a result of exposure to
contaminants, including trace metals, present in OU-1 soils. It should be noted however,
that some of the ecosystems present at the landfill are the result of existing institutional
controls and other limitations on land use within or adjacent to QU-1 that have allowed
field succession to take place. Therefore, any disturbance of the landfill such as might
occur with remediation activities may significantly alter or destroy the habitats that
currently exist forcing wildlife to migrate to other areas. In addition, increasing
development of areas around the landfill has, and will continue to remove significant
amounts of wildlife habitat forcing some larger species to leave this area and reducing the
overall ability of the area to support some types of wildlife.
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Table 4-1: Summary of Site Investigation Aclivities and Investigative Data Reports

Site Invesligation Activity

Sile reconnaissance

Threatened or endangered species
assessment

Overland gamma survey
Surface and subsurface soil and

perched water investligations

Groundwater investigations

Rainwater runoff, surface water and
sediment sampling and analyses

Ambient air (fugitive dust and soil
8as) measurements

Evaluation of radiological emissions

Investigation Data Report Title

Site Reconnaissance Report (McLaren/Hart, 1996b)

Threatened or Endangered Species Assessment Report (McLaren/Hart, 1996¢)

Overland Gamma Survey Report (McLaren/Hart, 1996a)

Soil Borings/Surface Soil Investigation Report (McLaren/Hart, 1996h), Split Soil and
Groundwater Sampling Data Summary Report (McLaren/Hart, 1996(), and Site
Characterization Summary Report (EMSI,1997¢)

Groundwater Conditions Report (McLaren/Hart, 1996g), Split Soil and Groundwater Sampling
Data Summary Report (McLaren/Hart, 1996g) and Site Characterization Summary Report
(EMSI,1997¢)

Rainwater Runoff, Erosional Sediment, Surface Water, and Leachate Sampling Data Report
(McLaren/Hart, 1996¢) and Site Characterization Summary Report (EMSI, 1997¢)

Radon Gas, Land(ill Gas and Fugitive Dust Report (McLaren/Hart, 1996d)

Radon Gas, Landfill Gas and Fugitive Dust Report (McLaren/Hart, 1996d) and
Site Characterization Summary Repoit (EMSI, 1997¢)




. Table 4-2 : Summary of Geotechnical Testing Results

Sample Water Content  Wet Density  Dry Density

Number (%) {(pch) (pcf) Comments
1 20.3 111.5 92.7
2 14.2 . - Sample disturbed
3 29.1 90.7 70.3 Direct shear test also
4 27.2 95.0 74.7

- indicates sample not tested



Table 4-3 : Summary of Rf Depth 1o Water Measurements

Relecrence Depth to Water
Point Elevation 1Feel below TOC)
. well Northing ilasting (Feetl. MSL) 1994 1995 1996
Nov.22.23.28 | Lecember 29 January 30 | Marchd [ March30 | April28 T Mav26 [ June30 ] July 28 Aug 3* | Aug it | Oct. 2 [ O3l | Nov. 30 Jan.5 | Aprl2 Julv § Oct. 2
Shallow Wells
5-1 1069683 83 314205.01 446.51 = ane o e -—- e —= — — 12.26 13.75 14.5% 14,88 15.62 16.94 12.01 13.99
5-5 1069155.84 515991.03 468.65 - = een e —— - e —- — 34.2 35.78 36.51 36.84 3762 3896 34,02 3592
SR 1071044.35 514724.16 44403 e —_— o — - — — —- — e —- 11.85 12.52 13.19 14.50 9.1 11.5¢
S-i0 1069827 .87 514931.35 480.28 — —_— — —— - B -— —- — - 47.37 15.16 4861 49,17 50.85 45.71 47.77
8-51 1066161.31 514320.72 449,57 18.77 18.66 17.81 18.22 18.2 17.81 11.38 14.31 14.81 15.54 16,74 17,42 17.46 17.98 19.09 15.43 16,95
5-53 1066871.02 51449697 447.95 12.27 17.37 i6.47 16,93 16.86 16.30 12.57 12.99 13.06 £3.77 15.17 15.89 17.97 16.65 [8.04 vasing domaged | casing damaged
5-61 107015998 514580.24 449.7% 19.55 19.61 18.73 19.00 18.97 18.51 13.36 13.86 -— 15.27 16.76 17.51 18.18 18,93 20.29 15.08 17.25
5-75 1067250.41 514718.75 462.08 29.92 30.05 2992 29,85 29.42 219.22 2531 26.61 26.88 2741 28.91 29.56 29.81 29.9() 29.89 27.23 29.20
5-80 106519177 51385835 453.11 1945 18.97 17.48 16,96 16.17 16.28 12.70 13.91 14.69 14,85 15.82 16.55 17.77 18.87 18.99 bandoned bandoned
5-82 1069311.99 514272.95 450.18 19.82 19.88 19.05 19,35 19.32 18.71 14.19 14.80 15.02 15.91 17.40 18.11 18.43 19.15 20.61 15.69 17.59
5-84 1069633.29 516439.68 456.23 26.59 26.60 25.67 25.92 25.89 25.68 20.37 20.88 21.49 22.2% 2392 2467 25.21 25.87 27.07 2215 2442
S-88 1068398.19 515234.03 462.76 . 32.18 1244 3151 29,41 1.9 31.43 27.23 27.62 27.73 28.60 30.01 30.72 29,95 371 EXR] 2843 30.26
MW-FLS 1068603.00 515865.35 461.35 31N 31.00 30.26 30.42 30.42 30.03 25,74 2605 26.32 27.06 28.52 19.26 29.58 0.3 11,69 26.99 28.86
MW-I101 1070830.48 514424 .00 446.83 16.68 16.73 15.91 16.13 16.11 15.67 1051 vass e 12.20 13.91 14.67 - 15,29 16.04 17.37 12.02 14.34
MW-102 1070095.01 514532.93 448.18 17.95 18.00 17.18 17.41 17.38 16.91 11.64 12.31 12.81 13.70 15.32 16,06 i8.58 17.16 18.67 13.47 15.64
MW-103 1068628.37 51433435 440.31 9.72 9.91 9.01 9.43 9.37 8.79 515 5.39 5.34 6.22 7.57 8,25 8.49 9.26 10.61 6.51 7.59
MW-104 106752517 514339.00 440.96 10.33 10.43 948 9.98 9.93 2.33 5.72 6.1 6.13 6.95 8.27 295 9.06 9.71 11.11 6.78 8.34
MW-106 1065955.75 513616.92 443.78 12,85 12.90 12,28 12.45 12.44 t2.07 8.9 8.36 8.56* 9.27 casing damaged N NM NM NM NM NM
MW-107 16467074 513600.52 448.14 5.13 344 153 5.36 5.1 §26 | -meae 4.71 5.57 6.06 8.39 9,07 6.36 5.99 5.68 6.17 6.6
MW-F3 107048980 515819.83 469.23 38.96 38.97 38.09 38.00 38.29 18.06 32.31 32.94 36.62 34.47 16.21 37.02 37.61 38.39 39.60 34.33 36.73
Intermediate Depth Wells
1.2 106969826 51421218 446.41 — amm —— —— e — e weee anmn 12.03 13.68 14.31 14,76 15.47 16.90 11.92 13.90
|4 1069148.42 515889.5 468.57 —as = - —— wee e o weer -— 34.19 1575 365 38.85 37.62 38.92 33.96 35.95
1-7 1070743.05 51429%.87 446.97 s mam e ——— woea o - e -— 12.41 14.10 14.87 15.43 16.15 17.52 12.18 14.47
1-9 1069329.26 514268.59 450.99 — — — —— emm o e amer - e—er e 18.79 19.2 19.98 21.40 16.52 18.40
l-11 1069819.16 514925.06 480.27 — e s — . nane - o o e - 48.14 48.61 49.35 50.75 45.69 47. 4
|-50 1065190.32 513831.96 453.66 22402 22.27 I1L26 2176 21.65 2513 16.60 17.40 19.96 18.74 20.27 21 21.03 2E.57 23.05 bandoned bandoned
. =52 1070938.26 514642.31 446.21 15.99 1607 13,19 15.47 15.42 15.03 9.87 .90 10.34* 11.55 13.02 13.78 . 14.71 15.36 16.71 11.34 13,71
1635 1070953.26 51533339 441.82 11.6 11.70 140,83 11.00 103 10.66 5,25 7.35 8.12 7.04 2.81 9.66 1.3 11.06 12.31 6.87 2.36
1-66 107060409 515851.01 441.91 11.61 1 1.66 10.78 11.00 10.95 10.61 5.18 5.56 6.26 7.11 8.83 9.69 10.32 11.04 12.28 6.98 9.45
167 1070101.57 51624409 441.90 11.54 11.57 19,63 10.93 10.97 10.65 5.06 5.65 6.31 711 2.81 9.61 10.23 10.87 12.16 7.03 9.39
68 1069571.49 516686.36 450.50 20.16 2010 19.05 19.44 19.45 19.24 13.94 14.52 16.14 15.91 17.52 18.29 13.8 19.45 20.64 15.74 18.03
[-73 1067695.45 515570.09 461.39 31.46 311.68 .80 31.12 31.9 30.69 26.04 27.15 27.25 27.97 29.39 30.12 30.31 31.00 32.35 28.87 29.52
Deep Wells
-3 1069136.26 $15871.62 470.32 — e -— e waea ———— -— —— — 35.92 37.49 8.2t 38.63 39.43 40.70 35.74 37.78
E)-6 107019431 514549.5 447.6 o e—— -—- o wnee ceen —— —- —- 13.23 14.82 15.5 16.69 16.77 18.16 12.99 15.12
)2 1069836.29 514936.08 479.91 -— wanm - —— ween ean — — -— — —— 48 4832 48,98 50.42 4513 4742
D-13 1070485.74 5156(H.73 471.1 —_ - =m —— vene e e -—- -—- —_ —ane 38.94 39.48 40.19 41.49 36.21 18.53
D14 1068947.16 51652317 487.77 — D -— —— ——— e — ---- -— —-- e 0 MM 58.62 59.69 56.21 57.79
D-81 106733819 514463.68 451.00 20.3 20.39 19.56 19.95 19.95 19.29 t5.62 16.08 16,14 16.91 18.24 18.95 19.04 19.71 2111 16.78 18.37
D-83 10709304 514633.64 448.48 18.29 18.40 17.50 17.82 17.76 17.27 1217 12.16 12.61* 13.88 15.70 16,41 £7.01 17.77 19.01 13.72 16.02
D-85 1069626.55 516430.42 457.13 26.82 26.77 25.87 26.12 26.13 25.89 10.60 2111 21.71 2248 24.13 24 87 25.42 26.11 27.39 22.39 24,61
D-87 1069211.46 515404 .82 463.05 32.8) 32.82 31.96 3219 32.2 31.81 2710 27.57 27.86 28.69 30.28 30,96 31.36 32.11 33.54 28.60 3).58
D-43 [069317.89 314269.69 448.62 19.66 19.74 18.92 19.22 19.18 18.58 14.02 14.67 14.83 15.79 17.25 18.01 18.34 19.06 20.51 15.5% 17.50
MW-FID 1068608.68 515860.04 461.63 31.42 31.31 3051 30.70 30.78 3041 26.04 26.34 26.61 27.36 28.86 29.6 29.88 30,62 32.02 27.29 29.19
Stafl Gages
1 107110073 514883.10 438.57 e — — ———— . — - 4.2 3.25 235 —aes 1.5 Dry Drv Dry 2.30 Dy
2 1071107.71 514378.03 438.84 . e e — —— —— — - 395 3.05 2.1 e 1,25 Dry Dry Dry 2.25 Dry
3 1071249.28 514645.19 440.73 — -eee —— e .- -—- - 1.98 1.05 <{.5 —— 3.2 Drv Drv Diry Drv Drv
4 1071253.42 514635.63 441.05 e - ———— - — - - i.7 0.80 <0.5 e 2.95 Drv Drv Drv Drv Drv
5 1070745.51 51541494 460.94 e - —mem . e — o —-- . e - D Dry Doy Dry Dry Dy
[ 1069471.76 314096.61 437.28 — -—um v — J— —— e 218 2.64 1.55 —- 0.25 0.7 Drv Drv 1.75 (.20
7 LO69480.90 514091.25 437.01 - —— —-ne 2.45 2.95 1.8 0.30 0 I Drv Dry 2.00 1.00

Nt = Not Measured
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Table 4-4 : Summary of Rl Groundwater Elevation Measurements

Refcrence Groundwater Elevation {Feet, M1
Well Morthing Easting Point Elevation 1994 1995 1996
{Feet. MSL) Nov.22.23.28 | Devernber 29 Jouary 30 | March3 [ March30 | Apiil28 ] Mav26 June3g 1 Julv28 Aug. 3 ] Awepd Oct, 2 Out. 31 Nov. 30 Jan, 5 april2 | Julvs Oct. 2
Shallow Depth Wells
§-1 1069685,81 $14205.01 446,51 — — — —_— — —— —— — -— 43425 432.76 432.13 4301.63 430.89 429.57 434.50 432.52
835 1069155.84 515901.03 468.65 — — —_ —_ — — —— — — 43445 132,87 432,14 431.81 431.03 429.69 434.63 432.73
5-8 1071044.35 51472416 444.03 —— — — — — — — — — e —— 432.18 431.51 430.84 429.53 434.92 432.52
S-10 10649827.87 514931.35 480.28 — —_— — — — — - — —_ o 432,91 43242 431.67 431.1) 42943 434.57 432.51
S-51 L066161.31 564320.72 449,57 330.8 43051 3176 431.35 431.37 431.76 436,19 435.16 434,76 434.03 432.83 432.15 432.11 431,59 430.48 434.14 432.62
5-53 I066871.02 51449697 447.95 410.68 130.58 43148 431.02 431.09 431.65 135.38 434.96 134,89 434.18 412,78 432.06 429 98 431.30 429.91 casing d casing d
$-h) E070159.98 514580.24 449.78 430.23 430.17 431.05 430.78 43081 431.27 436,42 435.92 —ees 434,51 433402 432.27 411 6 430.85 429.49 434.70 432.53
S.75 106725041 514718.75 462.08 432.16 432.03 432.96 432,23 432 66 432.86 436,77 435.47 435.20 $34.67 43347 432.52 432,27 432.18 432,19 434,85 432.88
5-80 1065191.77 513858.35 453.11 433.96 434,14 435.63 436.15 43694 436.83 J40.41 439.20 438.42 438.26 137.29 436.56 43534 434.24 434.12 bandoned bardoned
S5-82 1069311.99 51427295 450.18 430.36 430,30 43113 4130.83 430.86 431.47 135.99 43538 435.16 434.27 432,78 432.07 431,75 431.03 429.57 434.49 432.59
S84 1069633.39 51643968 456.23 429.64 429.63 430.56 430.31 430.34 430.55 415.86 435.35 434,74 431397 33231 431.56 43102 430,36 42%.16 434.08 431.81
5-88 1068398.39 515234,03 462.76 430.58 $30.32 431,25 433.35 130.86 431.33 435,51 435.14 435.03 434.16 432.75 432.04 432.81 43105 429.65 43433 432.50
MW-FIS | 368603.00 515865.35 461.35 430.24 430.35 431.09 430.93 41093 431,30 435.61 415.30 435013 434.29 432.83 432.09 431.77 431,04 426.66 434.36 432.49
MW-101 107083048 51442400 446.83 430.15 130.10 430.92 430.70 430.72 431.16 436.12 wase — 434.63 432.92 432.16 431.34 430,79 429.46 434.81 432.49
MW.102 1070095.01 514532.93 448.18 410.23 430.18 4311.00 430,77 430.8 431.27 336,54 435.87 435.37 43448 432.86 432.12 429.6 431.02 429.51 434.71 432.54
MW-103 1068628.37 514334.35 440.31 430.59 430.40 431.30 430.88 430,94 431.52 435.16 434.92 434.97 434.09 432.74 432.06 431.82 431.0% 429.7 433.80 432,72
MW-104 1067525.17 514339.01 440.96 430.63 430.33 43148 430.98 431.03 431.63 435.24 434.85 434 .83 434.01 432.69 432.01 431.9 431.25 429.85 434,18 43257
MW-106 165955.75 513616.92 443.78 430.93 430.88 431.50 431.33 431.34 431.71 435,39 435.42 435.22 434.51 —— NM NM NM NM N NM
MW-107 1064670.74 51360112 448.14 443.01 +42.70 H3.61 442.78 443.04 442,88 —— 441.43 442.57 442.08 439.75 439.07 441.78 442,15 442.46 441.97 441,68
MW-F3 1070489.80 515819.83 469.23 430.27 +30.26 431.14 431.23 430.94 43117 436.92 436.29 4312.61 434.76 433.402 432.21 431.62 430.84 429.63 434.90 432.50
Intermediate Depth Wells
1-2 1069698.26 51421218 446.41 -—n - -em e e —eer —- - e 434.38 432.73 4321 431.65 430.94 429.5¢ 434.49 432.51
l-4 1069148.42 515889.5 468.57 e — — — — e caee 434.38 432,82 43212 429.72 430.95 429.65 434.61 432,62
[-7 1070743.05 514299,87 446.97 ear e -— — - - o -— 434.56 432.87 4321 431.54 430.82 429.45 434.79 432,50
1-9 1069329.26 514268.59 450.99 s —— wras o — P - -— aras anas ares 4322 431.79 431.01 429.59 434.47 432.59
[-11 106981916 $14925.06 480.27 e m sren axen — — - e o -—- — 432.13 431.66 430.92 429.52 434.58 432.53
1-50 1065190,32 513831.96 453.66 4311.64 431.39 132.40 431.90 432.01 432.53 437.06 416.26 413,70 434.92 433.39 4312.66 432.63 432.09 430.61 bandoncd bandoned
1-62 1070938.26 514647.31 446,21 430.22 130,14 431.02 430.74 430.79 431.18 436,34 4346.31 415.87 434.66 433.19 432.43 431.5 430.85 429.5 434,87 432.50
1-63 1070953.26 51533319 44182 430.22 43012 130.99 430.82 430,79 431.16 436.57 414.47 433.70 434.78 433.01 432.16 431.52 430.76 429.51 434,95 432 46
[-66 L 70604.09 515851.01 441.91 430.3 430,25 131.13 430.91 4310496 431.30 436.73 436.15 435.65 43480 4331.08 43222 431.59 430.87 429.63 4314.93 412,46
167 1070401.57 316244.09 441.90 430.36 430.33 131.27 430.97 13093 431.2% 436.84 436.25 435.59 434,79 433.09 432,29 431.67 431.03 429.74 434.87 4312.51
[-H8 1069571.49 516686.36 450.50 430.34 1304400 431.45 431.06 131,05 431.26 436,56 433.98 434.34 434,59 432,98 432.21 431.7 431.05 429.86 434.76 432.47
1-73 1067695.45 51557009 461.39 429.93 429.71 430.59 430.27 $29.49 430.70 435.35 434.24 434.14 433.42 432.00 431.27 431,08 430.39 429.04 432.52 431.87
Deep Depth Wells
D=3 1069136.26 515871.62 470.32 - ——n --— —— — e — - -nee 434.40 432.83 432,11 431.69 430.89 429.62 434.58 432.54
D-6 1070194.31 514549.5 447.6 - — —— - -— - —mee -— — 434.37 432.78 432.1 431.5] 430.83 429.44 434.61 432,48
D-12 1069836.29 514936.08 17991 — — e - — — e -—- —— . —— 431.91 431.59 430.93 429.49 434.58 432,49
D13 1070485.74 515601.73 471.1 —_— — e — — — —_ e — -—- — 432.16 431.62 430.91 429.61 434.89 432.57
D-14 |068947.16 516523.17 487.77 o ———— e — - e -— e — —- e Dirv NM 429.15 428.08 431.56 42998
D-8 1067338.19 514461.68 451.00 430.7 130,61 431.44 431.0% 431.05 431.71 435.38 434.92 434,86 434.09 432.76 432,03 431.96 431,29 429.89 434,22 432.63
D-83 1070930.4 514633.64 448.48 430.19 430.08 430.98 430.66 430.72 431.21 436.31 436.32 435.87 434.60 432.78 432,07 431.47 430.71 429.47 434,76 432.46
D-85 1069626.55 516410.42 45713 430.31 430.36 431.26 431.01 43) 431.24 436.53 436.02 43542 434.65 433.00 432.26 431.710 431.02 429.74 434.74 4312.52
D-87 1069211.46 515404.82 463.05 430.24 430,23 431.09 130.86 430.85 431.24 43595 43548 435.19 434.36 432.37 432.09 431.69 430,94 429.51 434.45 432,47
D-93 10693 17.89 314269.69 448.62 428.96 +28.88 429.70 429.40 429.44 430.04 434.60 433.95 433.79 432.83 431.37 4390.61 430.28 429.56 428.11 433.03 431.12
MW-FID]  1068608.68 515860.04 461.63 430.21 430.32 431,12 430.93 430,85 431.22 435,59 435.29 43502 434.27 432.77 432.03 431.75 431.01 42961 434.34 432.44
StalT Gages
1 1071100.73 514883.10 418,57 j— —men ey — -ame - 43727 436.32 435.42 —- 434,57 e e — 435.37 —
2 1071107.71 $14878.03 438.84 e — — — — 437.29 436.3% 435,44 . 434.59 - —— e 435,59 e
3 1071249.28 51464519 140.73 e —— — - - e 437.21 436.28 -— - 438.43 o — e — .
4 107125342 514635.63 441.05 nem v e - — e 437.25 436.35 -— 438.5 —— —_ — — -~
3 107074551 515414.94 460.94 - i - o e — — — o — — — —_ -
o 1069471.76 $14096.61 43738 . - — - — 433.96 13442 433.33 ——- 132.03 43248 woes —— 433.53 432.58%
7 § 06948090 S14091.2% 437.01 — . - —- .- —amm — 433.96 434 46 4331.31 431.81 - 432.51 —— e 433.51 43251

LA

- and MM = Not Measured

oty




Table 4-5 : Summary of Groundwater Monitoring Wells Sampled as Part of the Rl

Well No.

S-1
S5
S-8
S-1
S-6
S-8
S-8

oo - O

S-84
MW-101
MW-107
MW-F3
PZ-114-AS

I-2
[-4

1-7

-9

I-11
I-62
[-65
I-66
1-67
1-68

D-3

D-6

D-12
D-13
D-14
D-83
D-85
D-93

Interval Monitored

Shallow
Shallow
Shallow
Shallow
Shallow
Shallow
Shallow
Shallow
Shallow
Shallow
Shallow
Shallow

Intermediate
Intermediate
Intermediate
Intermediate
Intermediate
Intermediate
Intermediate
Intermediate
Intermediate
Intermediate

Deep
Deep
Deep
Deep
Deep
Deep
Deep
Deep

Source of Well

New RI well

New R well

New Rl well

New Rl well

Existing well

Existing background well
Existing well

Existing well

Existing well

Existing background well
New landfill well

New landfill well

New RI well
New RI well
New RI well
New Rl well
New RI well
Existing well
Existing well
Existing well
Existing well
Existing well

New Rl well
New RI well
New RI well
New RI well
New RI well
Existing well
Existing well
Existing well



Table 9

Monitoring Well Construction Summary
West Lake Landfill, Bridgeton, Missouri

Elevation Screened Interval
Reference Point Ground Surface Léngth of Depth Efevation
Well Nerthing Easting Top of Casing (Feet, MSL) Screen {Feet Below TOC) (Fect, MSL)
(Feet, MSL) (Feet) Top { Bottom Top | Botiom
[Shallow WWells
8-1 1069685.83 514205.01 446.51 443.3 20 5.21 25.21 441.3 421.3
8-5 1069155.84 515901.03 4068.65 465.7 10 32.95 42.95 4357 4257
S-8 1071044.35 514724.16 444.03 441.6 20 9.43 29.43 434.6 414.6
S-10 1069827.87 514931.35 430.28 477.5 20 34.78 S4.78 445.5 425.5
5-61 1070160 514580 450.17 445.6 21.5 424.1
S-80 1065190 513870 452.55 448.4 10 10 20 4184 428.4
5-82 1069312 514273 447.7 450.7 10 15.5 255 412.2 422.2
S-84 1069685 516455 4529 4553 10 209 30.9 412.0 422.0
MW-101 NJ NI 447.66 445.36 10 15 25 420.36 430.36
MW-107 NI N{ 449.25 NI 10 5 [5 NI NI
MW-F3 1070380 515880 NI NI 10 32.8 42.8 NI NI
PZ-114-A8 1069418.88 516768.25 451.31 449 .8 9.8 19.9 29.7 42008 429.88
Infermediate Depth Welis
1-2 1069698.26 514212.18 44641 443.2 10 40.21 50.21 406.2 396.2
1-4 1069148.42 515889.5 468.57 466 10 08.57 78.57 400 390
1-7 1070743.05 514299.87 446.97 444.5 10 39.47 49.47 407.5 397.5
1-9 1069329.26 514268.59 450.99 448.5 10 45.49 55.49 405.5 395.5
1-11 1069819.16 514925.06 480.27 477.6 10 83.067 93.67 396.6 386.0
1-62 1070960 514675 446.08 444.1 10 34 44 420.1 4101
I-65 1070940 515435 4418 438.5 10 26 36 4225 4125
1-66 1070520 515935 441.8 4377 10 269 36.9 420.8 410.8
1-67 1070090 516260 439.08 436.5 10 254 35.4 421.1 411.1
1-68 1069570 516690 448.32 440.9 10 21.2 31.2 42907 419.7
[Deep Wells
D-3 1069136.26 515871.62 470.32 4672 10 99.12 109.12 372 361.2
-6 1070194.31 514549.5 447.6 444 4 10 99.2 109.2 3484 3334
D-12 1069836.29 514936.08 479.91 477.4 10 136.51 140.51 3434 3334
D-13 1070485 74 515601.73 471.1 468.4 10 125.7 135.7 3454 3354
D-14 1068947.16 516523.17 487.77 484.5 5 57.217 62.27 430.5 425.5
D-83 1070940 514660 44770 444 .40 20 77 97 367.4 3474
D-85 1069680 516445 455.05 453.10 20 62 52 3011 3711
nN-93 1069318 514270 450.70 448.30 20 92 112 350.3 2563

PAWESTLAK DGWELEVMWCONSTR.XLLS
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SOIL YAPOR METHANE CONCENTRATIONS (%)

RADIOLOGICAL AREAS | AND 2

WEST LAKE LANDFILL, BRIDGETON, MISSOURI

Boring | Depth % Methane
) . - ‘ .'.'I .'.'.:: o '(f&t;" L . L
AREA |
WL-101 5 i9
1o 38
WL-102 5 18
19 43
WL-103 5 13
10 8.7
WL- 104 5 39
10 --
WL-103 5 39
10 --
WL-100 3 o1
10 14
WL-107 5 36
10 --
WL-108 3 45
10 34
WL-109 3 2.7
10 0.38
WL-110 5 37
10 41
WL-111 5 45
10 45
WEL-112 5 BRL
10 -
WL-113 5 052
10 40
WL-114 5 39
10 0.8
WL-113 5 12
16 --
WL-116 5 33
10 .
WL-117 5 40
10 27
WL-120 5 33
10 -
AREA 2
WL-201 5 -
10 --
WL-202 5 BRL
10 BRL
WL-203 5 BRL
10 BRL
WL-204/205 5 BRL
[{] BRL
WwL-206 5 BRL
10 BRL
wL-207 5 -
10 -
WL-208 5 18
10 23
" = feet

-- = Sample not collecied due to encountering lundfill obstructions

BRL = Below Reporting Limit
bls = Belaw Land Surface

Boring " ‘Depth: | % Methune
o een | e
AREA 2 {cont.)

WL-209 5 13
{0 .48
WL-210 5 25
10 19
WL-211 3 6.3
10 ) 39
WL-212 3 BRL
10 -
WL-213 5 21!
10 13
WL-214 5 BRL
10 BRL
WL-215 3 BRL
10 -
WL-21l6 b 23
10 .23
WL-217 5 6.6
16 24
WL-218 3 17
L] 24
WL-219 3 17
1 22
WL-220 3 24
10 24
WL-221 5 BRL
10 4.9
WL-222 3 2.5
10 -
WL-223 3 020
14 0.21
WL-224 5 19
10 -
WL-225 3 BRL
10 BRL
WL-226 5 0.23
10 --
WL-227 3 20
10 13
WL-230 5 28
10 0.21
WL-231 5 0.21
10 15
WL-231 5 13
10 23
WL-234 5 19
10 23
WL-235 3 S0
10 29
WL-230 5 0.39
10 BRL
WL-239 5 0.49
10 0.35

b



Table 5-1: Summary of Plant Spectes Present in or Near Areas | and 2

Scientific Name Common Name Arca Area North Flood West Flood Ford
1 2 Control Control Property
Channel Channel
Trees: Shrubs
Acer negundo Box elder X X
Cercis canadensis Red bud X
Corniis amomunt Silky dogwood X X
Fraxinus spp. Ash X X
Morus spp. Mulberry X
Popudus deltotdes Eastern Cotionwood X X X
Rhus tvphina Staghorn Sumac X X X
Saliv amvgdaloides Peached-leaved X
willow
Salix spp. Willow X X
Woody Vines
Toxicodendron Poison ivy X X X
radicans
Vitis spp. Grape X X b
Herbs and Grasses
Andropogon spp. Bluestern X
Ambrosia spp. Ragweed X
Ascelptas svriaea Common milkweed X
Carduns crispus Nodding thistle X X X
Dutiecus caroia Wild carror X
Erigeron anmuus Daisy fleabane X X
Gallivm spp. Bedstraw X X
Graminae Unknown grasses X X X X X
Impaiiens capensis Jewelweed X
Juncus spp. Rush X
Meiilotus afha White sweet ¢lover X
Opiuntia compressa Prickly pear X
Phytolacca americana Pokeweed X X
Plantago major Commeon plantian X X
Polvgonum spp. Smartweed X
Rumax crispus Curled-dock X X X
Solidago spp. Goldenrod X X X
Setaria spp. Foxuail X X X
Thiaspi arvense Field pennycress X X X
Trifolium pratense Red clover X
Trifoliwen procumbens  Yellow sweet clover X X
Tvpha spp. Canails X X
Ficia cracea Cow vetch X hY

R Report
04/10/00
Table 5-1



Table 5-2 ; Summary of Water Level Measurements from Well Clusters

Groundwater Elevation (Feet, MSL)

Well 19494 1995 | 9510
Cluster Nov. 22, 23,28 Deceinper 29 January 30 March 3 March 30 Apnl 28 | May 26 June 30 Julv IR Aup 3% Ay 3L 1.2 Qe 31 Moy 30 Jan. & April July § Qe 2
51 aane - e —en e — - —— - am2s | o276 |oan2as | aaea | axese | aresz | azes0 432 52
1-2 - 43138 | a7 | a3z 65 | 43004 | ames 134.4% 33751
5-3 — e — — — — —en e — 434 45 131287 432.14 431.81 431 13 429 69 434.63 43273
i - = . 43438 | 13281 | 43211 | 43977 | 43095 | 43965 | 4346l 13262
i)-3 —rre —=- ——— —- wam vamn - - 434.40 411 81 43711 431.69 430 89 429.62 134.58 432 54
b - —-n — — — o — e — 431,18 431.51 430.84 419 53 43492 431.52
1-62 430 12 430.14 431.02 43(.74 430,79 431 18 436.34 436 31 41587 434,66 43319 432,43 431.5 430.8% 429.5 434 87 431,50
1) 83 430,19 430.08 43098 430,66 4472 431.21 436. 1) 136 32 435 87 434460 431 74 432.07 431.47 430,71 12947 134,76 432.46
S-10 - mmnn e e — —_ - — ——— —_ 4329 43212 43167 43111 43343 434 37 431.51
I-11 —eaa --- -aen —— -—-- - -- s --- —un 4313 331 04r 430,97 42052 43458 43233
{3-12 ==ee - e e - -- 43 431,59 430,93 129 40 434,58 434
5-bl 430.23 43017 431 05 430.78 A3 81 43027 436,42 135.92 an 43451 433.02 432,27 410 43085 A2 A4 43470 43253
MMW-102 430,23 43048 431.00 $30.77 4308 431.27 43654 435 87 435,37 43448 437 86 41112 4300 43102 42951 431 7} 43254
13-6 - --- —--- —nna - -an --e .- 434,17 43178 43210 43151 4308} 4249 43 434.61 43348
S-80 433 .96 434 .14 41561 416,15 436 94 436.83 440.4) 439 20 438,42 43826 437.29 116,56 43534 33424 43412 abandoned ahandoncd
1-50 431.64 431,39 431,40 431 %} 432.01 432.5) 437.06 436.26 431,70 434,92 43319 432,66 43163 42309 430461 alvnduincd ahanduned
S-82 430 36 430 30 431.1} 430.83 430 86 43).47 431599 43538 435 16 43427 411 78 432 47 431.75 431,03 A2G.57 43449 432,59
1% can e - — . J— e enn wans 4322 111 79 435010 434,59 434,47 432.50
133 428 96 428,88 429,71} 425 40 439 44 41004 434 .60 413.95 133 1 431 83 430 37 430,61 43008 419 36 EEENY 411303 4312
584 429,64 429.63 430 56 430.31 430,04 430.55 435 86 43535 43474 13397 4323 130 50 ERINIX 4336 439.16 13408 43181
1-67 430 Ja 430033 431.27 410 97 430.93 434,25 436.84 43625 435,59 434.79 4330 412 20 13| &7 43) 03 429.74 434.87 412,51
1-68 430 14 430 40 431 45 431.06 431.05 431.26 436,50 435 Gy 414 34 434,59 43293 43120 411.7 43108 429,34 13476 33247
1>-85 430,31 A30.36 43136 4311.01 431 43 416.5) 430 02 435,42 11465 433 00 412,26 431.71 432 42901 434 4 43252
MW-F2 430 27 Lk 43114 431.23 430194 4M 17 436,92 430,29 432.6) 434 76 13302 432,21 411.42 4 30 R4 43903 43490 432.50
L-tvr 4303 430,25 43113 43091 430.96 43130 436,73 13635 435.05 434.80 133 08 413112 431,54 $30.87 426G 03 434463 432 4b
N3 feem veem . - - —as — - - aren 43210 43162 RRIR S 423001 434,69 43257
MW-FIS 43034 43035 131.00 130,93 130.93 33130 | 43561 | 43530 435,03 03329 | 43083 | 43209 | 43177 | 4004 | 3766 | 4343 3249
hMAW-EIR 4302 430,32 431,12 410,93 430.83 43122 435 59 435,09 435012 43427 43217 432403 A3 75 431.01 423 64 434 34 43744

eres o m ITWASICY
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Table 3-3 : Summary of Alluvial Aquifer Hydraulic Conductivity Values

Hyvdraulic Conductivity
K (em/s) *
3.78E-03
8.76E-04 Maximum 3.43E-02
3.43E-02 Minimum 8.76E-04
2.32E-03 Average 8.22E-03
4.17E-03
3.83E-03
3.27E-02
5.41E-02 Maximum 6.68E-02
6.68E-02 Minimum 1.22E-02
5.47E-02 Average 4 45E-02
4.63E-02
1.22E-02
3.15E-02
4.29E-02 Maximum 8.85E-02
4.14E-02 Minimum 4 50E-03
8.85E-02 Average 4.28E-02
4.50E-03
4.78E-02

Note:  All hydraulic conductivity values were determined using the AQTESOLV™ computer program
(Geraghty & Miller, [989)



Table 6-1 : Summary of Radionuclide Occurrence Above Reference Levels in Area | Surface Samples

Radiological Background Value > Background but < Reference Reference > Reference Level
Constituents {mean + 2 sid. dev.} | # Detects Range Level # Detecis Range
Uraninm — 238 Decay Series

Uranium-238 2.24 1 2.33+/-0.54 7.24 2 87+/-7.2 10 147+/-38
Thorium-234 2.76 0 7.76 2 55.9+/-13.5 10 180+/-49
Uranium-234 2.73 1 2.94+/-0.65 7.73 2 105+/- 22 to 154+/-40
Thortum-230 2.45 ] 2.67+/-0.76 7.45 2 7,850+/-1,470 ta 57,000 +/-4,100
Radium-226 1.30 ] 1.32+/-0.24 6.3 2 109+/-5 to 910+/-93
Lead-214 1.13 3 1.16+/-0.44 10 1.62+/-0.56 6.13 2 108+/-8 to 1,100+/-99
Bismuth-214 1.61 0 6.61 2 110+/-6 to 1,000+/-57
Lecad-210 3.77 0 8.77 3 206+/-26 to 1,040+/-135
Uranium — 235 Decay Series

Uranium-235/236 1.15 ] 5.7+-1.9 6.15 2 6.80+/-3 99 10 19.5+/-5.9
Proactinium-231 NE NE NE 5 2 156+/-27 to 610+/-110
Actinium-227 NE NE NE 5 2 1 18+/-14 (0 305+/-33
Radivm-223 NE NE NE 5 2 113+/-NA 10 939+/-76
Thorium — 232 Decay Series

Thorium-232 1.55 0 6.55 2 18.1+/-4.6 1o 40+/-150
Radium-228 2.37 0 7.37 0

Thorium-228 1.33 ] 1.96+/-1.14 6.33 0

Radium-224 NE NE NE 5 1 1,760+/-219
l.cad-212 2.26 0 7.26 0

Bismuth-212 NE NE NE 5 0

Thallhum-208 0.71 | 0.79+/-0.83 5.71 | 6.8+/-2.1

All values expressed as pCi/g.

NI = Not established, all background samples below minimum detectable activity. NA =2 Sigma Error (+/-} is not available.

A twotal of § surface sofl samples were collected in Arca 1. One of the samples was split and analyzued at two different laboratories. For some of the
radionuclides, the resulis from one of the laboratorics were greaier than the background or reference levels, while the results from the second laboratory were not.




Table 6-2 : Summary of Radionuclide Occurrence Above Reference Levels in Area 1 Subsurface Samples

Radiological Background Value > Background but < Reference Reference > Reference Level
Constituents (mean + 2 sid. dev.) | # Detects Range Level # Detects Range
Uranium — 238 Decay Series
Uranium-238 224 5 2.89+/-0.56 t0 6.94+/-1.28 17.24 2 17.8+/-4.1 to 26.4+/-10.1
Thorium-234 2.76 0 17.76 0
Uranium-234 2.73 6 2.92+/-1.46 to 15.6+/-3.6 17.73 0

| Thorium-230 245 6 2.47+/-1.26 10 7.52+4/-1.65 17.45 6 23.2+/-4.9 10 1,500+/-240
Radium-226 1.30 6 1.36+/-0.37 to 6.3+/-1.2 16.3 3 18.4+/-1 to 128+/-6
Lead-214 1.13 12 1.13+/-0.33 to 7.0+/-0.76 16.13 3 19.9+/-1.6 to 110+/-7
Bismuth-214 1.61 3 2.53+/-0.19 10 6.5+/-0.58 16.601 3 18.4+/-1.2 10 128+/-7.00
Lead-210 3.77 2 5.14/-1.0 to 17+/-4.0 18.77 2 83.4+/-12.4 10 212+/-28
Uranium — 235 Decay Series
Uranium-235/236 1.15 1 1.46+/-0.57 16.15 0
Proactinium-231 NE NE NE 15 3 26.9+/-7.9 to 73.2+/-14.6
Actinium-227 NE NE NE 15 3 15.0+/-2.6 to 43.8+/-5.8
Radium-223 NE NE NE 15 3 16.1+/-NA 10 44.3+/-NA
Thorium — 232 Decay Series
Thorium-232 1.55 4 1.64+/-0.56 to 10.3+/-3.5 16.55 0
Radium-228 2.37 0 17.37 0
Thorium-228 1.33 1 1.55+/-1.48 16.33 )
Radium-224 NE NE NE 15 1 39.1+/-0.3
Lead-212 2.26 0 17.26 0
Bismuth-212 NE NE NE 5 0
Thailium-208 0.71 0 15.71 0

All values expressed as pCy/g.

NL = Mot established, all background samples below minimum detectable activity, NA = 2 Sigma Error (+/-) is not available.

A total of 39 subsurface soil samples were collecied in Area |. Field and laboratory duplicates were prepared for several of the samples. Two of the samples
were split and analyzed al two diflerent laboratories. For some of the radionuclides, the results from one of 1he laboratories or from onc of the duplicate samples
were greater than the background or reference levels, while the results from the ortginal sample or second laboratory were not.




Table 6-3 : Summary of Radionuclide Occurrence Above Reference Levels in Area 2 Surface Samples

Radiological Background Value > Background but < Reference Reference > Reference Level

Constituents (mean + 2s1d. dev.} | # Detects Range Level # Detecls Range

Uranium 238 — Decay Series

Uranium-238 2.24 3 3.1+/-0.7104.17+/-1.04 7.24 2 134+/-42 to 294+/-92
Thorium-234 2.76 0 7.76 0

Uranium-234 2.73 3 3.18+/-1.06 10 4.05+/-1.02 7.73 2 216+/-67 to 575+/-180
Thorium-230 2.45 4 2.91+/-0.82 10 5.35+/-1.14 7.45 9 8.63+/-2.62 t0 29,240+/-5,290
Radium-226 1.30 4 1.54+/-0.22 10 4.78+/-0.44 6.3 4 9.2+4/-1.7 10 3,720+/-142
|.ead-214 1.13 5 1.28+4/-0.28 10 5.26+/-0.49 6.13 4 8.8+/-1.0 10 3,190+/-277
Bismuth-214 1.61 2 3.56+/-0.87 10 4.2+/-0.67 6.01 4 7.3+/-0.69 10 3,690+/-136
lead-210 3.77 0 8.77 3 9.58+/-2.32 10 1,370+/-162
Uranium — 235 Decay Series

Uranium-235/236 1.15 0 6.15 2 49.7+/-16.5 10 251+/-79
Proactinium-231 NE NE NE 5 4 5.224+/-2.32 to 2,030+/-301
Actinium-227 NE NE NE 5 3 6.15+/-1.17 10 1,320+/-179
Radium-223 NE NE NE 5 3 0.73+/-NA 10 1,097+/-NA
Thorium — 232 Decay Series

Thortum-232 1.55 0 6.55 4 0.73+/-1.36 10 127+/-23
Radium-228 2.37 0 7.37 0

Thorium-228 1.33 | 4.97+/-1.04 6.33 0

Radium-224 NE NE NE S 2 4,330-+/-628 to 6,580+/-1090
Lead-212 2.26 0 7.26 0

Bismuth-212 NE 0 5 0

Thallium-208 0.71 0 5.71 0

All values expressed as pCi/yg.
NE = Nai established, all background samples below minimum deteciable activity. NA = 2 Sigma Error (+/-} is not available.

A wotal of 15 surface soil samples were collected in Area 2. Three of the samples were split and analyzed at two differens laboratories. For some of the
radionuclides, the results from one of the laboratories were greater than the background or reicrence levels, while the results from the second laboratory were not.




Table 6-4 : Summary of Radionuclide Occurrence Above Reference Levels in Area 2 Subsurface Samples

Radiological Background Value Background but < Reference Reference > Reference Level
Constiluents (mean +2std. dev.} | # Detects Range Level # Detects Range

Uranium — 238 Decay Series

Uranium-238 2.24 7 2.61+/-0.64 10 11.4+4/-3.8 17.24 3 60.7+/-12.4 10 287+/-47
Thorium-234 2.76 | 13.2+/-15.7 17.76 2 24.5+/-15.8 10 140+/-25
Uranium-234 2.73 6 2.9+/-0.4 10 12.5+/-4.0 17.73 3 45.4+/-9.7 to 527+/-87
Thorium-230 245 28 [2.724/-1.451017.29+/-3.4 17.45 18 18.2-+/-3.3 to 83,000+/-530
Radium-226 1.30 17 1.3+/-0.45 10 12.9+/-0.54 16.3 4 88.4+/-5210 3,140+/-116
Lecad-214 1.13 23 1.144/-0.24 to 12.5+/-0.9 16.13 4 85.9+/-6.4 10 2,200+/-170
Bismuth-214 1.61 10 1.63+/-0.42 to0 12.64+/-0.6 16.61 4 93.2+4/-5.1 to 3,150+/-111
Lead-210 3.77 7 4.02+/-1.6 10 9.83+/-2.56 18.77 0 22.4+/-3.5 10 1,300+/-157
Uranium — 235 Decay Series

Uranium-235/236 115 0 16.15 3 24+4/-27 10 115+/-19
Proactinium-231 NE NE NE 15 4 39.3+/-11.1 to 1,930+/-243
Actinium-227 NE NE NE 15 4 25.8+/-4.2 to 1,180+/-138
Radium-223 NE NE NE 15 4 30.2+/-NA 10 5,270+/-359
Thorium — 232 Decay Series

Thorium-232 1.55 4 1.76+/-1.07 to 3.84+/-0.9 16.55 3 106+/-19 to 180+/-65
Radium-228 2.37 2 14.5+/-7.910 16.74/-9.3 17.37 0

Thorium-228 1.33 2 1.5+/-0.80 to 4.59+/-0.91 16.33 0

Radium-224 NE NE NE 15 0

Lead-212 2.26 | 2.49+/-0.94 17.20 1 82+/-35
Bismuth-212 NE NE NE 15 0

Thallium-208 0.71 3 }.134/-0.78 10 7.9+/-3.7 15.71 0

All values expressed as pCifg,

NI = Not established, all background samples below minimum detectable activity. NA = 2 Sigma Error (+/-) is not available.

A 1ol of 73 subsurface soil samples were collecied in Area 2. icld and laboraiory duplicates were prepared for several of the samples. Four of the samples
were split and analyzed at two different laboratories. For some of the radionuclides, the results {roin one of the laboraiories or from one of the duplicate samples
were greafer than the background o reference levels, while the results from the ovigimal sample o1 second {aboratory were not.




Table 6-5 : Summary of Background Radionuclide Levels at the West Lake Landfill

Detection Standard Minimum Maximum Mean Plus Mean Plus
Radionuclide Frequency Mean | Deviation Value Value 2 Standard Deviations | 3 Standard Deviations | Variance
Uranium-238 Decay Sernies
Uranium-238 4/4 1.33 0.46 0.74+/-0.35 1.85+-0.79 2.24 2.7 0.21
Thorium-234 2/4 1.57 0.59 1.154/-0.89 1.99+/-1.11 2.76 3.35 035
Uranium-234 4/4 1.47 0.63 1.06+4-0.44 2.40+/-0.93 2.73 3.6 0.40
Therium-230 4/4 1.51 0.47 0.92+/-0.44 2.03+/-0.6 2.45 2.91 0.22
Radium-226 4/4 1.06 0.12 0.95+/-0.22 1.19+/-0.22 1.30 1.41 0.01
Lead-214 4/4 1.0} 0.06 0.92+/-0.26 1.07+/-0.24 1.13 1.19 0.004
Bismuth-214 2/4 1.09 0.26 0.90+/-0.31 1.27+/-0.4 1.61 1.87 0.07
Lead-210 3/4 248 0.64 1.88+/-1.56 3.16+/-2.18 3.77 4.41 041
Uranium-235 Decay Series
Uranium-235/236 4/4 0.39 0.38 (0.02+/-0.08 0.91+/-0.57 1.15 1.54 0.15
Uranium-235 - - - -- . - -- -
Protactinium-231 - - . -- - - - -
Actinium-227 -- - - - - --
Radium-223 - - - -- -- --
Thoriwm-232 Decay Series
Thorium-232 4/4 0.90 0.33 0.52+/-0.29 1.26+/-0.39 1.55 1.87 0.11
Radium-228 2/4 (.65 0.36 1.39+4-0.4 1.90+/-0.47 2.37 273 0.13
Thorium-228 4/4 0.68 0.13 0.43+/-0.27 1.161/-0.37 .33 1.66 0.14
Radium-224 - -- -- - -- -- .- --
Lead-212 4/4 1.29 0.48 0.80+/-0.31 1.94:/-0.29 2.26 2.74 0.23
Bismuth-212 -- -- -- -- - -- -- --
Thallium-208 4/4 0.44 0.14 032+4/-0.16 0.63+/-0.21 071 0.84 0.02

All values expressed as pCify, except detection frequency.

Four background samples were analyzed. Samples without detections were not used to calculate background statistics.
-- = Radionuclides were not detecied above the Minimum Deteciable Acuvity (MDA) m any of the four background samples.




Table 6-6 : Background Gamma and Radionuclide Concentrations in Surface Soil
Samples in the State of Missouri

Surface Soil
Sample Designation/ | Gamma Exposure Radionuclide Concentration (pCi/g}
Location Rate (uR/hr) U-238 | Ra-226 |  Th-232

West Lake Landfill - McLaren/Hart

Barrow Pit - loess 13.5 1.3+/-050  1.19+/-0.22 0.75+/-0.38
Barrow Pit - shale 16.3 1.85+/-0.79 097+/-0.2 1.26+/-0.39
Farmer's Field 13.7 1.41+/-0.5  1.13+/-0.25 1.05+/-0.38
McLaren/Hart Shop 10.1 0.74+/-0.35  0.95+/-0.22 0.52+/-0.29
Mean 13.4 1.3 1.1 0.9
Standard Deviation{S) 2.6 0.5 0.1 0.3
Mean + 28 18.5 2.2 1.3 1.5

State of Missouri - Bechtel National, Inc

MO-1 6.0 1.7 1.4 1.3
MQO-2 10.0 1.3 1.3 1.2
MQO-3 6.7 1.2 1.1 1
MO-4 7.5 1.1 1.3 1.1
MQ-5 8.1 1.3 1.2 1.2
MO-6 5.4 0.33 0.31 0.32
MO-7 7.6 1.1 1.1 1.1
MO-8 6.8 0.81 0.83 0.76
MO-9 5.1 1.1 1.1 1.1
MO-10 4.6 0.76 1 0.95
Mean 6.8 1.1 1.1 1.0
Standard Deviation(S) 1.6 0.4 0.3 0.3
Mean + 28 10.0 1.8 1.7 1.6
5-Mile Radius of Weldon Spring Site - UNC-Geotech
| 10.0 1 0.8 0.9
2 10.3 0.7 1.1 1.5
3 9.2 0.7 1.2 1.3
4 9.2 0.7 1.1 1.1
5 11.0 1.3 1.3 1.1
6 10.5 i 1.3 ~1
7 10.7 1.7 1.2 1.4
8 10.5 : 1.3 1
Mean 10.2 1.1 1.2 1.2
Standard Deviation(S) 0.7 . 0.2 0.2
Mean + 28 11.5 1.9 1.5 1.6




Table 6-6 : Background Gamma and Radionuclide Concentrations in Surface Soil
Samples in the State of Missouri (cont.)

Surface Soil
Sample Designatiory | Gamma Exposure | Radionuclide Concentration (pCi/g)

Location Rate (uR/hr) U-238 | Ra-226 | Th-232
5-Mile Radius of Weldon Spring Site - Project Management Coniraclor
1 9.3 <1.9 0.8 0.8
2 9.0 <1.9 1.1 0.9
3 89 <1.8 1.3 0.6
4 9.5 <1.9 0.8 0.8
5 92 <2.0 0.9 1
6 9.5 <1.9 1.1 1
Mean 92 NA 1.0 0.9
Standard Deviation(S) 0.3 NA 0.2 0.2
Mean + 28 3.7 NA 1.4 1.2
USING ALL AREAS
Mean 9.2 1.1 1.1 1.0
Standard Deviation(S) 2.6 0.4 0.2 0.3
Mean + 28 14.4 1.9 1.5 1.5

< indicates that the sample result is below the Method Detection Activity (MDA), with the number
indicating the MDA




Table 6- 7: Summary of Area | Downhole Gamma Log Results

Boring No. Downhole Gamma Downhele Gamma
Peak Depth (f1) Peak Intensity (cpm)

WL-101 - -
WL-102 3 58.000
WL-103 - .
WL-104 - -
WL-105 9 180.000
Well -4 6.3 260.000
Well §-35 3.5 2187.000
WL-106 4 25.000
WL-107 - -
WL-108 -
WL-109 - -
WL-110 - -
WL-111 - .
WL-112 6 10,000
WL-113 4 13,000
WL-114 5 15,000
WL-115 - -
WL-116 - -
WL-117 0.5 16.0Q0
WL-118 ; 12,000
WL-119 - -
WL-120 . -
PV(C-24 - -
PV(C-25 9 70,000
PV(C-26 5 85,000
PV(C-27 - -
PV(C.28 14 130.000
PVC-36 8 15.000
PV(C.37 - -
PV(C-38 10 1.298.000
PV(C-41 - -

CpMm ~ COURIS per minute

Comments

No peak

No peak
No peak
At location of well D-3
Adjacent to boring \WWL-i03
Adjacent to boring WL-103
Poorly defined peak
No peak
No peak
Mo peak
No peak
No peak
Poorly defined peak
Poorly defined peak
Poorly detined peak
No peak
No peak
Poorly delined peak
Poorly defined peak
No peak
No peak
No peak

No peak

Poorly defined peak
No peak

No peak



Table 6-8: Summary of Estimated Thicknesses of Subsurface Radiologically Impacted

. Matertals in Area 1

Bortny Estimated Total Thickness of Suiface Subsurface Thickness
Radiologically Impacted Materials {Adjusted jor Surface Thickness)

Materials ({t) Present ? (b
WL-102 2 no 2

WL-105 10 yes 9.5
Well S-5 4 no 4
Well |-4 4 no 4
WL-106 3 no 3
WL-112 2 no 2
WL-{13 2 no 2
WL-114 1 no I
WL-117 1 no 1
WL-118 1.5 yes l
PVC-25 2 no 2
PV(C-26 2 no 2
PVC-28 2 no 2
PVC-36 2 no 2

PV(C-38 12 ves 11.5

. Average 3.37 3.27

Std. Dev. 3.13 2.99



Table 6-9: Summary of Area 2 Downhole Gamma Log Results

Boring No.

Gamma Peak Depth (1)

WL.207
WL-208
WL-209
WL-210
WL-211
WL-212
WL-213
WL-214
WL-216
WL-217
WL-218
WL-219
WL-220
WL-222
WL-223
WL.224
WL-225
WL-226
WL-227
WL-228
WI1.-229
WL-230
WL-231
WL-232
WL1-233
WL-234
WL-235
WL-236
WL-237
WL-238
WL-239
WL-240
WL-241
PVC-4
PV(C-5
PVC-6
PVC-7
PV(C-8
PVC-9
PVC-10
PVC-11
PVC-12
PVC-13
PVC-18
PVC-19
PVC-20
PV(C-33
PV(C-34
PV(C-35
PVC-39
PV(C-40

1
0 and 487
1

35

3.5

1
gand 11
95and 11
2and 19.5

!

5
Jand 10
3
25

8

1.5

2.5

1

4

2.5
2.5and 7

Gamma Peak Intensity (cpm)

740.000

300.000 and 90.000?

330.000

24,000

15,000

370,000

10.000
27,000

89.000
1,104,000
20.000

130,000

45,000
1,290,000
15,000 7

346,000 and 369,000
1.385.000 and 21,000

23,000
22,000

753,600 and 152,000

2,288,000
57,000

330,000
126,000
10,000
22.000
743.000
14,000

120,000 and 46,000

Qommems

No peak
No peak

Note !

No peak

No peak

No peak
Poorly defined peak

No peak

No peak

No peak

No peak

No peak
Poorly defined peak

No peak

No peak

No peak

No peak

No peak
Poorly defined peak

No peak
Note 2

No peak
No peak
No peak
No peak

Very poorly defined peaks
Overall one peak w/ 2 sub-peaks
Note 2

Very poorly defined peak

No peak
No peak

No peak? - very poorly delined
Verv poorly defined peak

Poorly defined peak

Note 1: Lower peak due 10 matenial knocked down hole during drilling/logging
Note 2: Lower peak at bottom ot hole possibly Irom material knocked down hole during drilling/lggeing



Table 6-10: Summary of Estimated Thicknesses of Subsurface Radiologically impacted

. Materials in Area 2

Boring Estimated Total Thickness Surface Subsurface Thickness
of Radiologically Impacted  Materials  {(Adjusted for Surface Thickness)
Materials (ft) Present ? (ft)
WL-209 5 yes 4.5
WL-210 6 yes 5.5
WL-211 3 yes 2.5
WL-216 4 no 4
WL-223 3 no 3
WL-226 l no 1
WL-226 8 no 8
WL-230 3 yes 2.5
WIL-231 5 no 5
WL-233 4 no 4
WL-234 10 no 10
WL-235 3 no 3
WL-238 4 no 4
WL-241 4.5 no 4.5
PVC-4 4.5 yes 4
. PVC-5 1 no |
PVC-6 5 no 5
PV(C-7 6 no 6
PVC-7 1 no |
PV(C-8 1 yes 0.5
PVC-9 1.5 no 1.5
PVC-10 55 no 5.5
PVC-10 2 no 2
PV(C-11 5.5 yes 5
PVC-12 3 no 3
PVC-19 4 no 4
PVC-20 3 no 3
PV(C-33 1 no 1
PV(C-34 3 yes 2.5
PV(C-35 5 no 5
PV(C-39 2.5 no 25
PV(C-40 2.5 no 2.5
PV(C-40 2.5 ne 2.5
Average 3.73 3.61
Std. Dev. 2.03 2.03



Table 6-11 : Summary of Elevated Downhole Gamma Levels, Soil Samples Above Reference Levels and Boring Log Descriptions

wesliake R Table §-11 441000 10 46 AR

Peak Lamma | ng Soit Soil Analvtical Daa
Gamma [ Reading Saniple U-238 Devay Series U-235 Drecay Serics Th-232 Decay Serics
Boring N0 Depth ity (CPM)__ Depth 1) Deseription of Maierial at Depth of Congem (rom Soil Boring 1.ag U-238  Th-234 (.23 Th-230  Ra-226  pho2ld Bi-213 Lewd- 210 U-235:23¢ 16235 Pa-23l Ae-227 Ka-223  Th-232 Rad28  Th-228  Ra-22  Pb-212  Bi-212  T1-208
WI-102 L5 60, (0 Landfill Debris: trashy debris consising of wood, plasuc.
%.000 5 glass. und wire: soil consisnng of olive gray <ilt and dark gray, 084 <116 Lub 418 147 .56 {163 L.49 =016 <049 319 =074 =877 [t 0.99 1.05 KR 097 <1 53 2028
siltx. plastic ¢)ay 10 grayish brown, silly sand and crushed rock:
dry 10 moist.
WL-105 9 RIATL Landfill Debris: rashy debris consisting of clowh. woad.,
W- 1031 4 5200 rope. and plastic: seil consisting of brown and gray silt, and
28000 10 and crushed rock; dry 10 maist. 694 <505 .64 522 40.3 40 40.2 834 .55 395 6.9 1540 16.8 13 2159 <ZIR <IL75 <073 <282 <039
Wl -t <t MG ] Landfill Bebris: trashy debris consisting of wood. plasiic. 105 <18.75 165 3700 906 L1 408 L2 1] 6.0 758 44 35 93 352 <586 <789 1.760 <19 <2 <1.32
4 15000 glass. and wire; soil consisting of dark gray silt w clavey sift.
10.000 5 and crushed rock: dry 1o mmsl. 669 <276 1.3 73 188 191 18.1 75 <1%7 g 1.1 3 0.67 iR 142 0.29 <13 017 <19 0.42
10.000 5 DUME) 164 <8.02 <383 766 128 ity 128 212 =255 121 73.2 438 44.3 171 2 2aM 039 <204y <117 A5 =3
Wi-112 8.000 5 Landiill Debris: trashy debris consisting of vard waste. 344 <2.55 292 844 4.66 4 4.35 1.2 024 <.85 <545 <132 <1678 <156 <).2 1.55 <6.16 1.08 <202 043
[ 10,000 wood. plastic. cloth. paper. wire. and metal: soil consisting of
gravish brown to dark gray sill. dark gray 10 grayish brown
clavey silt. and very fine-grained sand: dry to wel,
Wl-l1} 4 14.000 Landfifl Debzis: mashy debris consisting of vard wasie,
7.000 5 wood. plastic. cloth, paper. wire. and metal: soil consisting of 1.25 0.58 1.4 0.33 0.97 088 106 <126 0.6 <023 <101 <032 <326 .19 1.06 0N 349 1434 0.80 0.36
7000 S DUPFy dark grav 10 grayish brown silty ¢lay and very fine 10 medium- 062 081 076 0.58 1.06 1.05 1.06 141 =19 =<0.17 =0.72 =017 <288 015 098 =014 2.36 1.00 1.06 .31
grained sand. dry 10 wet.
WL-114 <6.000 0 Landfill Debris: trashy debris consisting of vard wasie, 147 53.9 i~ 7.853 19 108 14 206 19.5 17.6 156 113 113 18.1 <25 1.9 <1242 <185 <39 70
5 16,000 5 wood. plastic. cloth, paper. insulasion. wire. and metal: soil 354 <0.73 343 232 259 232 2.6 3 182 0.32 1.93 1.2 =477 i 0.39 033 615 04} <1335 16
consisting of dark gray 10 grayish brown clavey sill and very
fine to medium-grained sand: dry o wet.
Wl-L17 6.5 16.000 Landfill Debris: trashy debris consisting of vard wasie,
<6000 10 woodk wire. insulation. plastic. cloth. paper. and metal: soil 29 1.44 1.72 36.58 35 292 3.22 582 <0.25 4.3 <145 0.79 1.03 | 0.64 0.47 o048 0.58 <04 0.16
consisting of dark gray silty clay: drv 1o wet,
WL-118 <6000 3 Landfill Debris: trashy debnis consisting of plastic. cloth. 17.8 <505 15.6 425 18.4 1.9 184 <403 1.46 24 28.3 185 16.1 10.3 .73 =1.99 39.1 <55 <1.33 <017
paper. glass. and metal: soil consisting of light brown to dark
gray, silty. plastic clay: dry t0 moisi.
WE-206 <6000 1 Native Altuvium: olive brown clayey silt grading 1o 417 <253 4.05 929 §7.2 18.0 17.4 H.6 <033 1.7 7.93 615 6.73 11.2 1.2 1.1 <7.3t 1.9 <244 0.3
gravish brown. coarse-grained sand and gravel: drv to wet,
WL-208 <6.000 5 Landfill Debris: rashy debris consisting of wood. brick. 1.6 <302 2.05 123 126 359 3.05 <269 0.16 <118 <5.9 <1.22  «10.24 b3 0.68 .96 <515 048 <1.23 <0.27
<6.000 3DUP(L) paper. concrete. insubation. metal. plastic, glass, and wire: soil 282 2.64 2217 94.9 340 x5 136 737 0.03 <104 <5.56 1.40 <7.64 0.82 =103 0.7 =477 0.84 <1.73 0.38
consisting of dark gray silty ciav 10 medium-grained sand. and
rack: dry W moist,
— WL-209 0.5 T44.000 [H] Landfill Debris; trashy debris consisting of rubber. brich. 94 <93.3 575 29,240 3720 3.190 3690 <1170 5 263 200 1320 1,097 127 <2134 497 6.580 <138 <036 =577
44000 5 conerete, insulation. metal. wood. plasiic. glass. and wire: soil 249 <6682 A5 38.280 2,970 685 3.000 <810 724 74.3 193 1,180 900 I3 <163 <401 <1239 «8.56 <30.1 <428
H.000 5 DUPF) consisting of dark gray clase: silt 1o fine-grained sand. and 287 194 527 32480 3140 (R0 3150 L7 15 61.6 1.200 1.079 982 180 6.7 =617 <9304 <383 <20.68 4.27
<6.000 25 rock: dry 10 moist. 0.58 <3407 046 269 0.85 LA 0.78 =24 <17 <0.84 <481 <(.86 <§.56 171 (192 0.38 <379 .52 <14l 0.22
<6.000 25 DUP(F) 061 <1.28 0.59 12.85 0.62 thal <050 294 =042 =070 <365 <1.06 <7.65 <1384 =0 85 <|.26 208 0.52 <115 0.1%
— wL-2lot 420.000 0 Landfill Debris: rashy debris consisting of wood. plastic. 134 <205 216 18.190 1280 1450 2300 1310 49.7 182 438 m 660 59.2 <9.55 <133 430 <47 <17.29 «2.34
0.25 509.000 paper. shredded tices. yard waste. cloth. metal. glass. and wire:
88.000 5 saiil consisting of dark grav to brown silt and fine grained sand, 65.5 <3211 145 12400 520 56 512 <372 155 <2 348 120 1™ 10 6.72 3.88 <(.52 <364 <1276 =<1.7%
88.000 5 DUP(F) and crushed rock: dr to wet. 128 13.2 26T 15610 458 368 168 583 438 272 164 156 147 120 <466 459 <3603 249 <793 L13
1.5 28,000 -
R LY 4 091 <].25 0.69 13.2 0.68 UK {62 =14 )15 <078 <3z =Lu? <3 1% 4537 =083 0.65 3.0 .61 <i.19 .15
<6000 40 DUPIF) 0.54 <304 093 10.8 1.66 1.8 id <579 .25 <1.5 <q.24 <], 73 <1393 ng2 vl 45 td <5.84 0.43 «2.17 <0
104




Table 6-11 : Summary of Elevated Downhole Gamma Levels, Soil Samples Above Reference Levels and Boring Log Descriptions

Peak Gamma bLog Soii Soil Analytical Daia
Gammalog  Reading Sample 1J-238 Decay Series U-235 Decay Series Th-232 Decay Series
Boring No. Depth {ih (CPMY Depth (1) Description of Maierial a1 Depth of Concern Jrom Soil Boring log 1-238  The234 4234 Th-230 Ra-226  Ph-243 Bi-21d  Lead-210 L-20823¢ U235 Pa-231  Ac-227  Ra-22} Th-232  fa-228  Th-238  Ra-234  Pb-212  Bi-202  T-108
WiL-211 035 330.000 Landfilt Debris: trashy Jebris consisting ol wood, plastic,
20000 5 paper. rubber. mesal, and concrete: soil consisting of grayish- bt <198 13 66 8.52 8.7 8.0 124 022 DTS5 <540 243 <hOR 134 <i1s V66 <548 099 <173 <021
45 15.000 brown sandy and silty clay 10 coarse-grained sand: dry 10 wel
WL-212 <6.000 10 Landfill Debris: trashy debris consisting of wood, plastic. 177 <19 1.36 116 I.77 LYS 1.6 402 <016 <56 <37l <078 <869 09 <690 (.55 366 047 <6 <0.06
brivk. paper. tubber. insulation: soil consisting of dark gray
sifty clay. silt, and very fine-grained sand. and crushed rock:
dry 10 tnoist.
WL-2)3 <600 0 Landfitl Debris: trashy debris consisting of wood. plastic. 1.53 205 1.64 242 100 1.28 0,70 336 TEH <088 <511 <103 <1842 1.1 <39 .79 <4.09 <037 <54 <32
<6.000 3 brick. cardboard, paper. wirc. rubber. imetal: soil consisting of 153 <350 100 17.29 1.26 137 <063 <209 <15 <083 <48 <10l <¥36 0.8y <092 067 <4 063  <ldk <165
<6000 25 dark gray silty clay and black. sandy. clavey silt to dark gray. n.4s <3.63 1.06 313 0.93 1.06 <085 <50.3 <017 <|.35 <7.02 <159 <1523 0.52 <|.49 0.64 <$203 <0.4 «2.76 0.37
siley very fine-grained sand and crushed rock; dny 10 moist.
WL-214 <6.000 5 Landfill Debris: trashy debris consisting of shingtes. 0.81 LM 108 #4095 101 <62 <123 081 <052 <32 <055 <754 041 <0.81 05 <23 062 <M 024
<6.({H) 25 carpeting. glass wood, plastic, brick. paper. wire, and meial: 0.67 <3.23 .97 (2.8 <0.52 0.74 .52 <269 <0.15 (.89 <4.33 <(,9% <951 0.36 <(.89 048 <423 0.80 «1.37 032
soil consisting of dark gray clavey silt to fing-grained sand:
dry 10 moist.
Wi-216 35 48.000 Landftll Debris: rashy debris consisting of plasiic. cioth.
11,000 5 and glass: soil consisting of grax ish brown o olise brown silty 14 <7.006 125 1,131 884 859 932 176 <2.36 <3.07 i 258 .2 3.05 <2 <14 <1823 <107 <1.26 0,55
clay to grav. very fine-grained sand. and limestone rock: drv
10 moist.
WL-222 <6.000 0 Landfill Debris: rashy debris consisting of plastic. cloth, 3% «5.69 2.26 131 294 24 3.56 <69.0 2.69 <199 <§i3 <248 <4440 1.3 <175 0.97 <§.22 <053 <291 <0.45
<6.000 s paper. carpeting. woad. and metal: soil consisting of dark gray 1.21 .41 146 814 1.80 {85 1.81 445 <012 <064 <d19 D69 <2040 I3 083 08¢ a7 078 =173 <16
to black clay and siley clay 10 dark gray. silty. fine-grained
sand: drv 10 moist.
Wl.-223 4 15000 Landfill Debris: trashy debris consisting of wire. wood.
14,000 5 plastic. cloth, rubber.and paper: soil consisting of brownish 1.22 <].82 1.44 G916 1.73 1.77 1.82 <215 <{.14 <0.75 <518 <133 <17.03 0.64 <. 0,36 <457 0.83 <164 0.31
veliow silt 1o dark gray silty clay and silty fine-grained sand:
dry 1o moist.
WL-226 3 20.000 Landfill Debris: trashy debris consisting of wood. rubber,
290.000 10 wire. plastic. choth. and paper: soil consisting of dark gray. 1.63 <217 1.38 14.1 1.4 L4 1.2% 435 0.3% 0.8 <5.14 <l.2  <21.54 <0.85 0.95 <|.12 <482 1,38 <].85 0.20
10.5 370.000 slightly sandy, clavey silt 1o fine-grained sand: dry 10 moist.
<6.000 20 6.32 2.55 6.02 173 3.26 326 <1.21 593 <1.19 <087 <7.51 <147 <189 -85 <lh.i2 =3.99 =532 <0.39 <203 <0.25
WL-227 <6.000 5 Landliill Debris: rashy debris consisting of wood. rubber, 20 <1.53 1.68 204 1.32 1.38 092 2.35 <{.63 <066 <3.96 <0.72 <1605 <053 1.35 <0 .84 3.48 1.03 <|.76 0.23
plastic, cloth, glass. carpeting. metal. and paper: soil consisting
ol brown and dark grav siltv clay 1o dark gray fine-grained sand:
dry 10 wet.
w1.-230 1.5 10,000 Landfill Debris: trashy debris consisting of plastic. cloth,
<6.000 5 wire. glass, carpeting, metal. and paper: soil consisting of olive 092 <205 223 268 1.67 1.56 1.93 226 048 <063 <486 <092 <I7.88 <0.87 shle <19 <39 088 <200 oM
brown silt, dark gray clayey silt. and dark gray. silty. fine-
grained sand: dry 10 wel,
wl-23t 18.000 5 Landfill Debnris: mashy debris consisting of plastic. cloth. 386 218 697 .5 4.06 39 118 5.59 <3.37 <0.73 <1.56 L6 <1943 L <102 <126 <1.95 470 <1.60 (.28
55 19,000 glass, and paper: soil consisting of brownish gray silL dark eray
and black clavey silt to dark grav, silty, fine-grained sand. and
crushed rock: dry 1o wet.
Wl.-233 LA 90.000 Landfill Debris: trashy debris consisting of wood. plastic.
<4000 27 cloth, wire, limesione. rubber. metal. and paper: soil consisting 448 203 4.58 417 4.44 1.} 4.43 983 <232 <1.02 <654 144 <2081 1.19 <kl <[.02 1358 «<2.87 <180 <024
of grav clay, dark grav (o bleck silt. and dark gray. silrv. fine- .
grained sand: dry to maist.
- Wl-23a H 1.104,000
132000 10 Landlill Debris: washy debris consisting of wood, phastic, 138 145 128 S1300 60 Lioe 3066 1300 109 T4 105 982 £33} <240 115 <196 <3N 108 <1%.63 3.00
132000 HDUPIF) and glass: soil consisting of brown sile. dark gray chavey silt 607 <1465 454 12000 1260 592 1260 839 9.55 97.6 160 397 380 <987 w662 <132 <3624 <Lt9 <1182 <15)
and siley clay 10 dark gray.silty. fine-grained sand and crushed
rock: dry to moist.
westlake Rl Taple 6.3 7 < 3000 10,45 AM 2o0l4



Table 6-11 : Summary of Elevated Downhole Gamma Levels, Soil Samples Above Reierence Levels and Boring Log Descriptions

Peak  Gammalog  Seil Soil Anatytical Data
Gammalog  Reading Sample 1)-238 Decav Serics U-235 Decay Serics Th-232 Decay Series
Borin Mo, Depth (R} {CPMI Depth iRy Duseription of Material a1 Depth of Concern irom Soil Boring Log U-233  Th-234  1)-234 Fh-230  Ra-226  PL-214  Bi214 Lead-210 15.23823¢  ()-235  Pa-231  Ac¢-227  Ra-223 Th-232 Ra-228 Th-22§ Ra-224 Pb-212 Bi-212  Ti-208
Wi-215 <6.)0M a 1.andiilt Debris: rashy debris consisting of wood, mesal, .77 <) 82 097 124 .90 1594 <61 L.56 <i) 49 (.56 <368 <070 <|7.28 1.07 19 {60 349 [.g9 <176 0.46
<, 00K} 5 paper, wire. cloth, insulation. plastic. and glass. soil consisting 09 <4.87 147 LW | 0M .86 .92 <59.3 <0.92 <l.63 <8.84 <228 <2914 <083 <58 1.2 <1.2 110 <39¢ 0.60
225 20.000 of dark gray siliy clay 10 clayey and silry. fine-grained sand:
No gamma lug 0 dry 10 wet, .31 <209 1.25 38 1.0y (N ES 100 <206 <03 <083 <488 <12 <587 «094 <093 <087 3l 0.75 <168 <028
WI.-238 [ 130,000 nodata  Landfill Debris: rashy debris consisting of wooll. shredded
tires. and wire: spil consisting of brown silt and dark gray fine-
grained sand; dry 10 moist,
L2 31.000 5 Landfill Debnis: trashy debris consisting of glass. insulation. 3.9 =84 4.51 343 12.9 [ i26 26.7 023 <1338 109 $.22 <3.25 334 <24 0.39 <214 <088 <342 0.28
55 46.000 woodd. cardboard. paper. wire. rubber, plastic. and wood: soil
consisting of dark gray clay and silty clay to silty fine-grained
sand. and crushed rogk: dry w0 wal.
WL-242 No gamma log it tol <3.85 1.83 8.6} 1.57 1.59 148 <29.8 04 .= <512 <121 <31m <034 <77 <Ll <4.25 <0.28 <1.63 <0.24
Surlave sample 2 0.75 <491 1.35 213 2.42 a5 <124 <biHh.3 0.56 - <923 <13 <5237 (.75 « 57 <1.19 <7.62 0.51 <273 <0.43
WL-243 No gamma log 0 363 <1.94 399 265 +.78 526 4.2 958 .58 - 522 358 <2510 6.73 i3 1.11 <4.33 1.0 <|.B 046
Surface samphe
WL-244 No gamma log L] 165 <124 0.38 208 1.54 1.58 1.31 202 0.09 - <457 081 <2664 0.78 <.05 <).23 <2.24 0.86 <143 023
Surtace sample
PV 1 1,290,000 ; 530 1500 L1060 1700 %0
[11] 25 27 28 0.23
115 14.000
1 1.7 1.7 1.6 0.7
PV(-5 L) 34 37 3l
5.5 15.000
] 1.7 1.5 [ 0.92
[11] 4.3 4.3 43 2.0
1.5 14.000
12 21 19 23
PVC-6 9 W 40 41 36
9.5 348.000
[11] 6 58 53 qJ1
11 367.000 1 130 360 280 Pl ]
12 + 110 99 H 39
s 23,000
PVC-7 3 1.386,000 -
19.5 20000 -
V(-2 1] 34 37 4.0 1.5 049
a5 214.000
2 1.3 1.4 1.5
PVC-9 2 46 35 6 56 35
3 6.5 54 4.2
4 1.4 L3 1.3
5 12,000
& 0.56 0.7 {84
PVC-10 A 751,000 3 520 430 44}
8 15 13 1 0.24 .
a5 152,000
1] 7 100 120 130 0
PVC-tLI 2 2900 13,000 13,000
PVC1 1A 25 2.286.000
PVC-LEB 15 2 146,000
3 1,700 1,100 200
V-2 25 58.000 -
M-y % AN 1] |3 42 340 pEl) 340 P ]
PVC-20 1 6 72 b 43
westlare RI Table 6511 471000 10-46 AN 3ol4




Table 6-11 : Summary of Elevated Downhole Gamma Levels, Soil Samples Above Reference Levels and Boring Log Descriptions

Peak Gamma Log Seil Soil Analxtical Daua
Gamma Lag  Reading Sample U238 Decay Series U-235 Decay Scrics Th-232 Decay Series
Boring Na.  Depth {) (CPM) Depth (R) _Description of Material at Depth of Concern from Soil Boring Log U238 Th-234  U-234  Th-230  Ra-226  PL.214 Bi-214  lead-210 11.235/23¢ U235 Pa-231  Ac-X17  Ra-223 Th-23) Ra-228 Th-228  Ra-224  Ph-212  Bi-212  TI-208
1.3 1 27000
2 17 1 29 29

PV(C.25 4 72.000 -
PV(C-16 5 £6.000 -
PV(-28 4 £32.000 -
PVC-33 25 10.000 -
PYL-34 ] 22000 -
VL35 4 T45.000 -
PVC-36 3 E7.000 -
PV(.58 10 1,298,000 -
PvC-39 2.5 14.000 -
PVC-10 2.5 120.000 -

7 46.000 -

Notes: Soil analvtical data expressed as pCi/g. 2 Sigma Errors associated with these data are included in Appendix B.
< indicates sample result is below speeific Method Detection Activiy (MDA).
Red indicates an activity above the reference fevel.
* represents results of second downhele gamma survey, after soil thay was eccidently kicked into the boring was exiracted.
-- indicaes not reporied.
Resuhs shown on this table for the PVC borings include downhole gamma log resuits collected by Mclaren/Hart in 1995 and radionuclide analvtical data from Table 5 of the repost "Radiological Survey of the West Lake Landfill*. May 1982. Radiation
Management Corp (RMC). The PVC borings were drilled, gamma-logged. and sampied in 1982 by RMC and re-logged in 1995 by McLaren/Hart. Some senling may have oceurred in the PVC borings. potentially resulting in a shifi in 1he gamma peak

. relative o the soi sample resulis.

westtaki Rt Table .11 2.10:00 10 46 AM 4of4




Table 6-12 : Summary of Estimated Areal Extent and Volume of Radiologically
Impacted Materals at the West Lake Landfili

Location
Area |
Surface
Subsurface
Area 1 Total
Area 2
Surface
Subsurface

Northeast area

Area 2 Total

Ford Property

Totals

Note: The thickness values used to calculate volumes were as follows:

Area | Surface

Area 1 Subsurface

Area 2 Surface

Area 2 Subsurface

Northeast area
Ford Property

Areal Extent (fi*}

Areal Extent (acres)

Volume (yd*)

50,659
193915

194,000

468,709
817,052
17,159

834,000

196,000

1,224,000

0.5ft
327 ft
0.5 ft
3.61ft
05ft
051

1.16
4.45

4.5

10.76
18.76
0.39

28.2

940
23,490

24,400

8,080
109,240
320

118,200

3,600

146,000



Table 6-13: February 2000 Analytical Results for Surface Soil Samples from the Buffer Zone and Crossroads Properties

Location Depth Uranium-238 Thorium-234 Uranium-234 Thorium-230 Radium-226 Lead-214 Bismuth-214 Lead-210
(Teet) Result | MDA | Resutt | MDA | Resuli { MDA | Resuit | MDA | Result | MDA | Result | MDA | Resuit | MDA | Result | MDA
Site Specific Background{Mean+? Std Dev} 2.24 2.76 2.73 2.45 1.30 1.13 1.61 3.17
Sueface Soil Reference Levels 7.24 1.76 7.73 7.45 6.30 6.13 6.61 8.77
RC-01 0-0.25 0.92 .10 <MDA 148 1.00 0.15 2.75 0.09 <MDA 0.15 0.32 627 0.62 0.56 3.20 1.60
RC-02 0¢-0.25 1.08 0.05 <MDA 1.70 1.06 0.05 30.6 0.10 <MDA .13 1.5% .23 1.55 0.70 5.90 1.30
RC-03 0-025 0.89 0.08 <MDA (L 0.80 0.11 6.30 0.20 <MDA 0.14 0.71 0.8 0.7 0.46 2.94 1.60
RC-04 0-0.25 0.94 0.5 <MDA 150 0.93 0.14 2.60 0.18 <MDA .13 0.56 024 0.87 056 2.70 1.50
RC-05 0-0.25 0.69 0.02 <MDA 163 0.91 0.16 248 0.08 <MDA 0.10 0.86 023 0.63 052 2.60 1.10
RC-06 0-0.25 0.96 0.05 <MDA 156 0.97 0.13 4,60 0.10 <MDA 012 0.91 024 0.62 057 3.70 1.50
RC-07 0-025 0.90 .32 <MDA 15! 0.63 0.13 2.84 0.18 <MDA 0.12 0.76 026 (.87 0.54 1.75 1.60
Location Depth Uranium-235 | Protactinium-231|  Actinium-2X7 Radium-223
(feet) Resutt | MDA | Resuit [ MDA | Result [ MDA | Resun | MDA
Site Specific Background{Mean+2 Std Dev) NE NE NE NF.
Surface Soil Reference Levels 5.00 5.00 5.00 5.00
RC-O1 0-0.25 <MOA 0.13 <MOA 3.70 <MDA 063 <MOA a.28
RC-02 0-0.25 014 0.10 <MDA 3.80 <MDA 0.80 <MDA 0.29
RC-03 Q.0.25 <MDA 0.12 <MDA 2.60 <MDA 057 <MDA 02
|RC-04 0-0.25 0.06 0.08 <MDA 3.40 <MDA 067 <MDA 026
|rC05 0-0.25 0.14 0.14 <MDA 3.10 <MDA 0.56 <MDA .24
JRC-06 0-0.25 <MDA 0.18 <MDA 4.00 <MDA 0.69 <MDA 03¢
JRC07 0-0.25 <MDA 0.05 <MDA 3.20 <MDA 0.62 <MDA 0.22
Location Depth Thorium-232 Radium-228 Thorium-228 Radium-224 lLead-212 Bismuth-212 Thallium 208
{feet) Result | MDA | Result | MDA | Resutt | MDA | Resukt | MDA | Result | MDA | Resuli | MDA | Resut | MDA
Site Specific Background{Mean+2 5td Dev) 1.55 .37 1.33 NE 2.26 NE 0.71
Surface Soil Reference Levels 6.55 7.37 6.33 $.00 7.26 5.00 5.71
RC-01 0-025 1.40 0.07 1.83 0.7/ 1.41 009 <MDA 38 (.85 0.39 <MDA 270 (.35 226
RC-02 0-025 1.28 0.14 147 0.68 1.33 0.2 <MDA 233 0.76 048 | <MpA | 270 0.31 0.7
Irc-03 0-0.25 0.97 0.23 1.67 .68 1.36 .20 <MDA 2R 0.94 312 <MDA 2.00 .27 [
RC-04 0-0.25 1.25 0.07 1.92 0.69 1.27 045 <MDOA /.58 0.9 0.18 <MDA 2.30 .38 025
RC-05 0-0.25 1.21 0.09 1.59 0 66 1.04 0.08 <MDA 254 1.1 Q.7 <MDA 270 0.25 223
RCO6 0-025 1.18 0.04 1.26 0.72 1.3 .42 <MDA 244 0.97 040 <MDA 240 (130 025
RC-O7 0 - (.25 1.56 0.08 0.96 0 638 1.44 a.13 <MDA 247 | {5 G317 <MDA 250 {3.34 027

Note: The data presented on (his lable are based on preliminary unvalidaled results.

4/10/00




. Table 7-1 : Radon Flux Measurement Results

Area | Area 2
Radon Flux Radon Flux
Boring Location  (pCi/m’s) Boring Location (pCi/m’s)
WL-101 0.3 WL-201 0.5
WL-102 245.9 WL-202 0.3
WL-103 0.6 WL-203 0.4
WL-104 0.2 WL-204/205 0.3
WL-105 0.2 WL-206 0.9
WL-100 22.3 WL-207 0.5
WL-107 0.2 WL-208 3.2
WL-108 0.5 WL-209 513.1
WL-109 0.1 WL-210 14.2
WL-110 0.2 WIL-211 0.1
WL-111 0.3 WL-212 0
WL-112 1.9 WL-213 0.1
WL-113 0.5 WL-214 0.2
WL-114 8 WL-215 0.3
WL-115 1.4 WL-216 0.1
WL-116 0.2 WL-217 0.2
. WL-117 1.3 WL-218 1.6
WL-120 0.3 WL-219 0.3
WL-121 0.3 WL-220 0.1
WL-122 0.5 WL-221 0.8
WL-123 0.1 WIL-222 1.3
WIL-124 0.2 WL-223 350.2
WIL-224 0.2
WL-225 0.3
WL-2206 0.2
WL-227 0.5
WL-230 0.2
WL-231 0.2
WL-233 0.1
WL-234 0.6
WL-236 0.1
WL-239 04
Averages 13 28



Table 7-2 : Surface Soil Radionuclide Analytical Results at the Fugitive Dust Sampling Locations

Uranium - 238 Decay Series

All values expressed as pCi/g.

< indicates that the sample resultis below the Method Detection Activity (MDA), with the number indicating the MDA,
NA indicates Not Applicabie or Not Available.

Boring [Uranium-238| Thorium-234 Uranium- | Thorium-230 |Radium-226| Lead-214 Bismuth-214 | Lead-210
234
WL-114 147+/-38 55.9+/-13.5 154+/-40 7,.850+/-1.470 109+/-5 108+/-8 110+/-6 206+/-26
WL-210 134+/-42 <29 51+/-NA 210+/-67 18,190+/-3,510 | 2,280+/-89 | 1,450+/-179 2,300+/-84 1,370+/-162
Uranium - 235 Decay Senies
Uranium-235/236 | Uranium-235 |Protactinium | Actimum-227 | Radium-223
-231
TWL-114 19.5+/-5.9 17.6+/-2.1 | 156+/-27 118+/-14 [13+/-NA
WL-210 49 7+/-16.5 182+/-22 838+/-148 732+/-87 660+/-NA
Thorium - 232 Decay Series
Thorium-232 Radium-228 |Thornum-228} Radium-224 Lead-212 | Bismuth-212 | Thallium-208
WL-114 | 18.14/-4.6 <2.50+/-NA 1.96+/-1.14 | <12.42+/-NA |[<].85+/-NA| <3.9+/-NA 0.76+/-0.83
WL-210 | 59.2+/-23.2 <@.55+/-NA <]13.5+/-8.6 4.3304/-628 <4, 7+H-NA | <17.2904+/-NA | <2.34+/-NA




Table 7-3 : Fugutive Dust Analytical Results

Uranium - 238 Decay Series

Sample Uranium-238 Uranium-234 Thorium-230 Radium-226
Resuht MDA | +- Sigma Error Resuli MDA | +/- Sigma Eiror Result MDA | +/- Sigma Error Result MDA | +/- Sigeaa Error
Arca |
Upwind < MDA | 0.00164 NA <MDa {0.00148 NA 0.0025¢ [ 0.00042 0.00087 0 00043 1 .OOO37 0.00027
Downwind 0.00071 § 0.00020 0.00038 0.00079 1 0.00024 0.00040 0.00071 | 0.00034 0.00011 < MDA | 0.00049 NA
Arca 2
Upwind 0.00005 | 0.00004 0.00004 0.00007 | 0.00004 0.00005 0.00011 | 0.00006 0.00006 0.00011 | 0.000006 0.00005
Downwind < MDA | 0.00056 NA < MDA | 0.00049 NA 0.(HN55 0.00023 0.00027 <~ MDA | 0.00035 NA
Uranium - 235 Decay Scries
Sumple Uranium-235/236
Result MDA | +/- Sigma Error
Arca |
Upwind < MDA | 000237 NA
Downwind =< MDA | 0.0003() NA
Arca 2
Upwind < MDA | 0.00007 NA
Downwind < MDA | 000068 NA
Thorium - 232 Decay Serics
Sample Thorium-232 Radium-228 Thorium-228
Result MDA | +/- Sigma Error Result MDA | +/- Sigma Error Result MDA | +/- Sigma Error
Arca |
Upwind < MDA | 0.00027 NA <MDA | 000113 NA 0.00270 | 000044 0.00090
Downwind < MDA | 0.00024 NA < MDA | D.0O0YT NA 000191 | 0.00017 000058
Arca 2
LIpwind < MDA | 0.00004: NA < MDA | 0.00017 NA 0.00037 | 0.00007 0.00013
Downwind < MDA | 0.00026 NA 0.00091 | 0000949 000056 00154 | 0.0M29 {.00040

All values expressed as picocunics per liter (pCil.)
MDA = Minisun Detectable Activity
NA= Not applicable




Table 7-4 ;: Comparison of 1995, 1996, and 1997 Radium-226 Results in Groundwater

. Samples

Well Date Filtered Radium-226
S-82 Nov-95 Filtered --
S-82 Nov-95 unfiltered --
S-82 Feb-96 Filtered -
S-82 Feb-96 unfiltered 1.09-+/-
S-82 May-96 Filtered 0.88+/-
S-82 May-96 unfiltered 1.39+/-
S-82 May-97 Filtered 1.07+/-0.14
S-82 May-97 unfiltered 1.06+/-0.17
S-82 May-97 unfiltered 0.76+/-0.14
[-2 Nov-95 Filtered -
(-2 Nov-95 unfiltered =
[-2 Feb-96 Filtered --
-2 Feb-96 unfiltered 1.69+/-
1-2 May-96 Filtered L17+/-
I-2 May-96 unfiltered 1.44+/-
I-2 May-97 Filtered 0.98+/-0.13
[-2 May-97 unfiltered 1.05+/-0.13
. 1-2-DUP May-97 Filtered 0.82+/-0.11
[-2-DUP May-97 unfiltered 1.09+/-0.14
[-4 Feb-96 Filtered -
1-4 Feb-96 unfiltered 2.41+/-
[-4 May-96 Filtered 0.87+/-
[-4 May-96 unfiltered 1.5+/-
-4 May-97 Filtered 0.81+/-0.11
I-4 May-97 unfiltered 1.04+/-0.14
D-3 Nov-95 Filtered -
D-3 Nov-95 unfiltered -
D-3 Feb-96 Filtered --
D-3 Feb-96 unfiltered 2.7+/-
D-3 May-96 Filtered 0.78+/-
D-3 May-96 unfiltered 1.19+/-
D-3 DUP (F) May-96 Filtered 1.17+/-
D-3 DUP (F) May-96 unfiltered P21+
D-3 May-97 Filtered 0.75+/-0.11
D-3 May-97 unfiltered 1.5+/-0.19



Table 7-4 : Comparison of 1995, 1996, and 1997 Radium-226 Results in Groundwater

. Samples (cont.)

Well Date Filtered Radium-226
D-6 Nov-95 Filtered --
D-6 Nov-95 unfiltered --
D-6 Feb-96 Filtered -
D-6 Feb-96 unfiltered 1.78+/-
D-6 May-96 Filtered 1.66+/-
D-6 May-96 unfiltered 1.88+/-
D-6 May-97 Filtered 1.8+/-0.21
D-6 May-97 unfiitered 2.05+/-0.23
D-12 Nov-95 Filtered --
D-12 Nov-95 unfiltered --
D-12 Feb-96 Filtered --
D-12 Feb-96 unfiltered 0.5+/-
D-12 May-96 Filtered 0.36+/-
D-12 May-96 unfiltered 0.73+/-
D-12 May-97 Fiitered 0.49+/-0.12
D-12 May-97 Filtered 0.26+/-0.09
D-12 May-97 unfiltered 0.54+/-0.09
. D-93 Nov-95 Filtered -
D-93 Nov-95 unfiltered --
D-93 Feb-96 Filtered -
D-93 Feb-96 unfiltered 1.43+/-
D-93 DUP (F) Feb-96 Filtered --
D-93 DUP (F) Feb-96 unfiltered 1.21+/-
D-93 May-96 Filtered 0.95-+/-
D-93 May-96 unfiltered 2.09+/-
D-93 May-97 Filtered 1.18+/-0.15
D-93 May-97 unfiltered 1.34+/-0.16

Notes:

All units are pCi/l
indicates not analyzed
1997 values are highlighted (bold)
< indicates sample results is below the specific minimum detectable activity (MDA



Table 8-1: Prionity Pollutant Metals Summary for Soil Samples

Area 1 Soil Samples

Minimum Maxirmum Sample Exhibiting the
Number Numberof  Frequency Detection Detection Maximum Value Background
Constituent Samples Detections Delection Value Value Range
Arsenic 13 10 0.77 0.76 220 WL 114 @0 <0.5-52
Beryllivm 13 8 0.62 0.25 33 WL 4 @0 <0.25-.5
Cadmium 13 2 0.15 4.2 79 WL 114 @0 <0.5
Chromium 13 13 1 31 280 WL 115 @5' 8.6-12
Copper 13 13 1 2.3 2300 WL 114 @ 11-16
Lead 13 13 1 28 900 WL 115 @5' 7.5-32
Mercury 13 1 0.08 0.17 0.17 WL 114 @0 <0.1
Nickel 13 13 1 47 3600 WL 114 @0 3.6-16
Selenivm 13 4 0.31 036 250 WL 114 @0 <0.25
Zinc 13 13 1 16 560 WL 115 @38’ 2.1-48
WL-119 @50' (dup)
Area 2 Soll Samples
Minimum Maximum Sample Exhibiting the
Number Numberof  Frequency Detection Delection Maximum Value Background
Constituent Samples Detections Detection Value Value Range
Arsenic 24 23 0.96 0.7 35 WL-209(20" <0.5-5.2
Beryllium 24 12 0.50 0.27 22 WL-206@0" <0.25-5
Cadmium 24 9 0.38 0.54 6.3 WL-208@20' <0.5
Chromium 24 24 1.00 2 890 WL-206@0' 8.6-12
Copper 24 24 1.00 1 360 WL-209@0" 11-16
Lead 24 23 0.96 3 2200 W1-210@0' 7.5-32
Mercury 24 3 0.13 018 0.27 WL-209@0" <0.1
Nickel 24 24 1.00 1.3 680 WL-209@0" 3.6-16
Selenium 24 6 0.25 0.25 38 WL-210@0 <0.25
Zinc 24 23 0.96 7.3 1100 WL-208@20' 2.1-48

Note: All units are mg/kg (ppm)



Table 8-2: Total Petroleum Hydrocarbons Summary for Soil Samples

Arca ] Soil Samples

Minimum Maximum Sample
Number Numberof  Frequency Detection Detection Exhibiting the
Constituent Samples Detections Detection Value Value Maximum Value
Gasoline Range 17 1 0.06 120 120 WL-115 @5
Diesel Range 17 | 0.06 110 110 WL-101 @5
Motor Onl Range 17 3 0.18 76 130 WL-114 @0
Arca 2 Soil Samples
Minimum Maximum Sample
Number Number of  Frequency Detecrion Detection Exhibiting the
Constituent Samples Detections Detecuon Value Value Maxunum Value
Gasoline Range 24 4 0.17 24 5000 WL-208 @20’
Dicsel Range 24 3 0.13 31 1200 WL-210 @15
Molor Oil Range 24 11 0.46 I 16000 WL-208 220’

Note: All units are mg/kg (ppm)



Table 8-3: Volalile Organic Compounds Summary for Soil Samples

Area | Soil Samples

Minimum Maximum

Number  Numberof  Frequency Detection Detection Sample Exhibiting
Constitwent Samples  Detections Detection Value Valuc the Maximum Value
Toluene 19 3 0.16 0.008 29 WL -115 @5
Ethyl benzene 19 3 0.16 0.005 20 WL -115 @5'
m & p Xylene 19 5 0.26 0.002 200 WL -115 @5
o-Xylene 19 3 0.16 0.0027 206 WL -115 @i
Chlorobenzene 19 6 032 0.002 0.94 WL-104 @25
1,4-Dichlorobenzene 19 7 0.37 0.002 0.042 WL-114 @0
2-Butanone 15 2 0.12 0.013 0.02 WL-106 @30' (dup)
Acclone 15 7 0.47 0.019 0.09 WL-106 @30 (dup)
Meihylene Chloride 19 0 0 0 0 None Detected
Area 2 Soil Samples

Minimum Maximum

Number  Numberof  Frequency Detection Detection Sample Exhibiting
Constituent Samples  Detections  Detection Value Value the Maximum Value
Toluene 24 4 0.17 0.13 8300 WL-208 @20
Eihyl benzene 24 8 0.33 0.004 300 WL-208 @20
m & p Xylene 24 9 038 0.012 1800 WL-208 @20
o-Xylene 24 6 0.25 0.007 500 W(.-208 @20
Chlorobenzene 24 5 0.21 0.003 180 WL-230 @lo’
1,4-Dichlorobenzene 24 6 0.25 0.0065 2100 WL-230 @1¢'
2-Butanone 24 2 0.08 84 52 WL-208 @15
Acetone 2 24 5 0.2t 0.026 62 WL-230 @35
Methylene Chloride 24 8 033 0.004 240 WL-208 @20

Note: All umits are mg/kg (ppm)



Table 8-4: Semi-Volatile Organic Compounds Summary for Soil Samples

Arca | Soil Samples

Maximum
Number Number of Frequency Minimum Detection Sample Exhibiting the

Constituent Samples Detections Detection  Delection Value Value Maximum Value
Beuzoic Acid 15 0 0 0 0 No Detects
1,4-Dichlorobenzene 17 1 0.06 0.039 0.039 WL-113 @45
Pyrene 17 3 0.18 0.034 0.7 WL-115 @35
Naphthalene 17 2 0.12 0.13 47 WL-115 @5'
2-Methylnaphthalene 15 2 0.13 0.097 4.4 WL-115 @5’
Fluoranthene i? 3 0.18 0.035 0.73 WL-115 @5’
Phenanthiene 17 2 0.12 0.044 0.91 WL-115 (@&
Phenol 17 0 0.00 0 0 No Detects
4-Methyiphenol 15 0 0.00 0 0 No Delects
Buty] benzyl phihalate 17 5 0.29 0.069 180 WL-115 @a5'
Diethylphalate 17 1 0.06 0.033 0.033 WL-114 @0’
Di-n-butylphihalate 17 2 0.12 0.3 10 WL-113 @45
Di-n-octylphthalate 17 4 0.24 0.17 37 WL-115 @5
Bis(2-Ethylhexyl)phthalate 17 10 0.59 0.12 25 WL-113 @45

Note: All units are me/kg {ppm)



Table 8-4: Semi-Volatile Organic Compounds Summary for Soil Samples (cont.)

Area 2 Soil Samples

Maximum
Number Number of Frequency Minimum Delection Sample Exhibating the

Constituent Samples  Detections Detection  Detection Value Value Maximum Value
Benzoic Acid 24 3 0.i3 0.15 0.79 WL-235 @b
1,4-Dichlorobenzene 24 3 0.13 0.0062 530 WL-230 @16
Pyrene 24 0 0.00 0 0 : No Detects
Naphthalene 24 8 0.33 0.034 10 WL-218@25'
2-Methylnaphthalene 24 2 0.08 0.19 29 WL-210 @15
Fluoranthene 24 i 0.04 0.92 0.92 WL-218 @0
Phenanthrene 24 i 0.04 0.073 0.073 WL-208 @ats'
Phenol 24 4 Q.17 0.41 9 WL-210 @15
4-Methylphenol 24 4 Q.17 0.078 98 WL-213 @25
Butyl benzyl phthalate 24 2 0.08 0.52 5100 WL-208 @20
Diethylphalate 24 2 0.08 0.053 0.082 WL-208 @15
Di-n-butylphthalate 24 ] 0.04 0.2 0.2 WL-208 @15
Di-n-octylphthalate 24 2 0.08 0.15 12 WL-215 @25
Bis(2-Ethylhexyl)phthalate 24 18 0.75 0.11 180 WL-208 @20

Noie: All units are mg/kg (ppm)



o o

Table 8-5: Pesticides and Polychlorinated Biphenyls Summary for Saoil Samples

Arca 1 Soil Saniples

Minimum Maximum
Number  Numberof  Frequency Detection Detection Sample Exhibuting

Constituent Samples  Detections Deteclion Value Value the Maximum Value
4 4'-DDD 18 3 0.17 0.00079 0.015 WL-115@5"
4,4'-DDE 18 2 0.11 0.00072 0.00088 WL-113@45'
14-DDT 18 3 0.17 0.0018 0.063 WL-115(@5"
Aldrin 18 2 011 0.0011 0.16 WL-115@5
beta-BHC 18 1 0.06 0.017 0.017 WL-115@n5'
heldein 18 5 0.28 0.00092 0.042 WL-1 155
Endosulfan | 18 1 0.06 0.0011 0.0011 WL-101¢ey
Endrmn 18 2 0.11 0.0039 0.0093 WE-115¢w3
Aroclor 1242 18 2 0.11 0.033 2.6 WL-115@5
Aroclor 1248 18 0 0.00 0 0 tNo Detects
Aroclor 1234 18 1 0.00 1.1 1.1 WL-115@s

Note: All units are mg/kg (ppm)



Table 8-5: Pesticides and Polychlorinated Biphenyls Summary for Soil Samples (cont.)

Area 2 Soil Samples

Minimum Maximum
Number  Numberof  Frequency Detection Detection Sample Exhibiting
Consutuent Samples  Detections Detection Value Value the Maximum Value
44'-DDD 20 2 .10 0.00078 0.0076 WL-235@0"
4,4'-DDE 20 2 0.10 0.0021 0.0078 WL-214@25'
44-DDT 20 6 0.30 0.00087 0.018 WL-230@@16'
Aldrin 20 9 0.45 0.00044 0.47 WL-218@25'
beta-BHC 20 2 0.10 0.0044 0.028 WL-218@25
Dieldrin 20 I 0.05 0.0012 0.0012  WL-230@35
Endosuifan 1 20 1 0.05 0.011 0.0 WL-214@25
Endrin 20 2 0.10 0.0027 .18 WL-218@25'
Arcclor 1242 24 3 0.13 0.067 1 WL-230@6
Aroclor 1248 24 3 0.13 0.017 18 WL-218@25
Aroclor 1254 24 3 0.13 0.18 1.6 WL-209@0’

Note: All units are mg/kg (ppm)

WL-210@0'



Table 8-6: Priority Pollutant Metals Summary for Groundwater Samples

Minimum  Maximum
Samphing Number Nitmber of Frequency Detcciton  Detection  Sample Exhibiting the
Constituent Daie Type of Sample  Samples Detections Detection Value Value Maximuwm Value
Arsenic November 1995 Unfiltered 33 14 0.42424 18 420 MW-F3
Filtered 33 13 0.39394 11 400 MW-TI3
February 1996 Filtered 33 12 0.36164 10 260 MW-F3
Chromum November 995 Unfiltered 33 9 0.27273 10 62 S-80
Filtered 33 1 0.0303 11 11 S-10
February 1996 Filtered 33 2 0.060061 15 22 S-5
Copper November 1995 Unfiltered 33 O 0.18182 23 76 5-80
Filtered 13 0 0 0 No Detects
February 1996 Filtered 33 0 0 0 0 No Detecets
l.ead November 1995 Unfiltered 33 23 0.69697 3 70 MW-F3
Filtered 33 1 0.0303 4.1 4.1 1-4
February 1996 Filtered 33 ! 4.0303 7.9 7.9 §-5
Nickel November 1995 Unfiltered 33 9 0.27273 23 93 5-5
Fihered 33 5 0.15152 21 99 S-5
February 1996 Filtered 33 4 0.12121 20 110 S-5
Zine November 19935 Unfiltered 33 19 0.57576 22 330 D-14
Filtered 13 3 0.09091 28 77 D-83
February 1996 Filtered 33 4 0.12121 20 49 -1

Note: All units are ug/L {ppb)



Table 8-7: Total Petroleum Hydrocarbons Summary for Groundwater Samples

Minimum Maximuim

Number  Number of  Frequency Delecuon Detection  Sample Exhibiting the
Constituent Sampling Date  Sampics _ Detections _ Detection Value Value Maximum Value
Dicsel Range November 1995 33 3 0.09 0.59 35 8-5
February 1996 33 1 0.03 0.53 0.53 D-14
Motor Oil Range  November 1995 33 3 0.09 0.65 23 1-11
February 1996 33 0 0 0 0 Neot Detected

Note: All units are mg/l. (ppm)



Table 8-8: Volatile Organic Compounds Summary for Groundwater Samples

Minimum  Maximuem
Number  Number of  Frequency Detection  Detection  Sample Exhibiting the

Constituent Sampling Date Samples  Detections  Deteclion Value Value Maximum Value
Benzene November 1995 33 2 0.06 9.3 11 i-2

February 1996 33 4 0.12 5.6 7.4 1-9
Chilorobenzene November 1993 33 5 0.15 5.3 170 D-14

February 1996 33 4 0.12 2.6 150 D-14
1.4- November 1995 33 3 0.09 12 50 D-14
Dichlorobenzene

February 1996 33 3 0.09 2.9 46 D-14
cis-1.2- November 1995 33 3 0.09 7.2 20 5-82
Dichlorocthene

February 1996 33 3 0.09 8.6 34 5-82
Acelone November 1995 33 0.09 37 68 D-12

February 1996 33 0 0 0 ] No Deiccrs

Note: All unus are ug/L (ppb)



Table 8-9: Semi-Volatile Organic Compounds Summary for Groundwater Samples

Minimum Maximum
Number  Number of Frequency Detection Detection  Sample Exhibiting

Constituent Sampling Date  Samples Detections  Detection Value Value  the Maximum Value
I ,4-Dichlorobenzene November 1995 ER) 2 0.06 12 18 D-14
February 1996 33 | 0.03 38 38 D-14
4-Methylphenol November 1995 33 2 0.00 67 290 I-11
February 1996 33 0 0.00 Not Detected
Di-n-octylphthalate November 1995 13 1 0.03 13 13 1-62
February 1996 1 0 0.00 Nol Detected
Bis(2-Ethylhexyl)phthalate  November 1995 LX! 0.00 Not Detected
February 1996 33 0 .00 Not Detected

Note: All units are ug/L {(ppb}



Table 8-10: Pesticides and Polychlorinted Biphenyls Summary for Groundwater Samples

Minnnum  Maxinum
Number  Number of  Frequency Detection  Detection  Sample Exhibiting

Constituent Sampling Date  Samples Detections  Deltection Value Value  the Maximum Value
4,4-DDD November 1995 33 | 0.03 0.11 0.11 8-5
February 1996 33 0 0.00 Not Delecled
Aldrin November 1995 33 1 0.03 0.02 0.02 D-6
February 1996 33 0 0.00 Not Detected
gamma-BHC (Lindane) November 1995 33 1 0.03 0.011 0.0 D-85
february 1996 33 0 0.00 Not Detecied

Naote: All units are ug/L (ppb)
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The Baseline Risk Assessment (Appendix A)
is a separate volume that will be submitted under separate cover.



Appendix B :

Radiological and Non-Radiological
Analytical Results
For
Soil Samples



® L o

Auger Hole Nal Counts and 16 Analyslis
Tt §

Lot chole #] , Radionuclide Concentratjons {pCi/qgi
bepth  Grocs Nal  Ra-226 Pb-214 Bi-214

U-238 Ra-22) K-40 Pb-211 PL-212
00 >50,000 1.6E} 1.6E2 1.7E2 1.6B2 o . .. 1T
01 >50,000 7.5E2 6.5E2 9E2 1,782 —emeen . 1.4E2 o _._
02 >50,000 2.2E4 2.4E4 1.984 oL R e T 4.2 .
03 >50,000 4.0E€)} 3.0E3 4.6E) @ e 1183 . 2,182 o ___._.
0‘ )50 0000 l 0353 l ¢2£3 l .‘ E] 9.381 - A - e l----_-—--
05 20,000 2.4E}  -m- 2. 4Bl  cemeen oL _ 8.0E0 .. _______
06 4,500 3.9E0 J.5E0 4.3E0 e L. 1.1Bl e
o8 2,200 2.}E0 2.3ED 2,2B0 —ee-o oo _ 1.4F1 e 7.2E-1)
10 2,000 2.3E0 2.4E0 2,280  —em-ee ool 1.JEl el 8.3E-1)
)2 1,500 1.9E0 2.2E0 1.6E0 e ______ 1381 eeeeen 1L
14 1,300 I.BEO 1.9E0D 1780 ceeeee el 9.7E0 S 6.3e~1
16 800 1.3E0 1.2E0 1.3€E0 —————— ceeam— 1.0E] g'meeen. 3.98-)
I B 800 1.2E0 1.6E0 8,0B-]  ceeeen  oL._ JJEO e J.NE-})
20 08090 8.1E-1 7.4F-2 8,78~  ccemen L 1.0E} -—ecoo_ 3.2e-1
22 500  6.56-1 4.0E-) 9.08-1  —eweon oL 2.5€0 --e-e. Lo L
24 150 2.5€E-1 2.8E-1 2,11 meemee oL 1,560 ~---oo ., TTmemee—
A 1,000 6.3)E-]) 7T.2E-1 5.4€-1 e o .l 6.JE0  ~—--_. J.1E~]
24 1,300 B.7E-1 8.4E-1 8.9E-1  --wemo L. 1.2E1  —mcal 5.7-)
30 500 4.3E-1 —-mm- 4.3B-1  eeeeo Ll 3.OFO  —----. 2,1E-)
32 700 1.3E0 1.E0 1.2B0 ——ooo ~ mem—eeo 6.1E0  -—---. 4.2F-]
14 1,400 2.4E0 2.5E0 2,280  —meeme o 6.JE0  —-_. H.47-)
16 1,800 1.4¢E0 1.5€E0 V2EO  ;emeem L 1,260 -e-eeo .

Perchole 43 Radionuclide Concentratjong lpCi/qg)

Pepth  Gross Nal Ra-226 Pb-214 Bi-214 U~-238 Ra-223 K-40 Pb-211 Pb-~212
) >50,000 6.4£2 7.0E2 .42 - oL o ___ 6.4E1 = . ____
) >50,00q l1.5E4 1.3e4 1.9E4 Y ABY e el IO DTTTTT

2 >50,000 7.0E) 5.3E) o B

-. 1,400  2.3E} 1.4€1 3.2E1  —meeen ol 1.2e0  wooen
05 2,360 6.2€0 5.8E0 6.6E0  —-ceee oL 6.0 e----o Lo
07 3,000 4.7€0 4.9E0 4.4E0 . L __ 6.3E0  ~-eo.. L ___
09 1,800 3.5E0 4.2E0 2.8E0 @ .o 3 .6ED 8.2B0 - oL
11 1,000 1.860 2.1€0 1.560  w—coo. oL 410 -eee- oL
1 600 i.7E0 1.4E0 2.0K0  —eeeen el LliL Ll TTTTmT
FEN 1,600 4.5E0 4.6L0 4.4E0  -——o._

Bl Ry
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Tavle 5, cont.,

Rorechole 843, cont, Radionucl ide Concentrations {pCi/9g)
hepth Gross Nal Ra-226 Ph-214

Bi~-214 U-238 Ra-223 K-40 Pb-2}1 Pb-212
17 1,000 9.0E-1 1.1E0 7.3E-1 ee—mel. L 6. 4E0  ~e-eo.. 4.4E-1
b3 500 2.9E-1 J.E-] 2, 1E~1  me-eoo L _ 2.2B0  eece. I ..
21 500 5.0E-1] 7.E~] 2.2B-1 —eee o L ___ 2.080 - __ L _____
23 700 1.0E0 1.1g0 8.7E-1 - LL____ 6.JE0  -———__. 5.3E-1
25 600 3.3e-1 3.7E-1 2.9€-1  -e---e oo -0 TIIITT 3.3
27 900 9.7E-1 1.1E0 0.4E-1 ool oL 6.5E0  —eeo.. S.4E-1
A 1,000 5.4E-1 4.0€e-1 6.0E-1] —---ee oo 7.660 oo _

-

Radjonuclide Concentratjons (pCi/9g)
[epth Gross Nal U-23e Pb-214 Bi-214

Ra-226 Ra-223 K-40 Pb-211 Pb-212
00 >50,000 ---ea- 1.5E2 1.7€2 1.3€2 9.5E1  -e-e-. 9.9e1 = .-.___.
01 >50,000 5.3F2 2.1E) 1.7€3 2,5E3 9.8E2  -—eee.. 1.283 ool
C2 »50,000  --.--- 1.2€2 9.E1 J.5B2 e-eeao 3. 6E0 e __
0} 14,000 ------ 2.8€0 2,1E0 2.5E0 —ee 3.BE0 - L
04 2,900 ------ 1.6E0 1,6E0 1.6E0  —cwcnoo 3.6E0 el
06 R L 1.4E0 1.5E0 1.2E0 0.6E-1 4.JE0  —eeeem. L
08 1,200 -wc-ao 1.7F0 1.9E€0 1.5E0 9.0E-1 1,10 e _____
10 1,500  ~---oo 2.7E 2,8E0 2.5E0 8.3E-1 9.3E0 3.8e0 @ - ___
12 piey  IITToD tomees weeeee ol ZiT0 IIED B8RO oo
14 1,500 --——. 1,7€0 1.6E0 1.7e0 7.0E-1 T.0E0 e _____
16 1,400  —--uoo 1.0€0 1.2€e0 o
1A 1,100 ------ 8.0e-1 6.E1-1 C.0B-1  —mee 8.5E0  --eo-o J.8E~]
20 800  ~---—-_ 7.6E-1 6.6E-1 6.6B-1. o--e. .. ... IIIETD
22 1,100 --——-_ 1.1€E0 .1E0 1,1E00 el T.780  ~co-eo 4.1E]
24 1,200 --—--o 7.5E-1 8.1E-1 7T.0E-1 e 1.6E-1  ——ce-- }1.5€-1
2 1,000 -----. 4.0E-1 4.2g-1 S.4E-1  cmmuoo 6.6E0  -----. J.0E-1
28 700 --——--_ 7.1E-1 J.2B-1  7.,0B-1  ee-eo. IO 0 20071
30 1,300 ------ 8.7E~1 9.9€-1 T.5B-1 e 1.4E1  -—-eno 6.4E-1
32 1,500 ------ 9.5E-1 9.5€e-1 9.5E-1 —eeeeoo 1.5E1 eweee
34 1,700 ~eemeo 1.9€0 2.2E0 1.6E0 —————— 1.3E] weeo 5.5E~-1
Farehiole 89S Radionuclide Concentrations (pCi/gl
bepth Gross Nal Ra-226 Pb-214 Bi-214 u-23e Ra-223 K-40 Pb-211 Pb-212
0n 1,600 1.8E0 @ ---—__ 1,760 - L 6.3E0  ~e---_ R
02 1,500 2.5E0 2.9E0 2.0E0  --e—_ 3.4E0 4.0EC oo oL
G4 2,700  3.4E0 J.7E0 R L e 4,480 —-eee L
06 1,600 VLTED 1.5F0 1.9E0 v
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Table 5, cont.

Porehole #5, cont.

Depth Groes Nal

—— -

L 1,000
190 3,000
12 1,700
14 1,000
16 100
18 ‘500

gorehole #6

Depth Gross Nal

- gt -

00 2,000
02 2,000
04 3,200
06 3,500
07 6,000
08 26,000
09 >%6,000
10 41,000
11 >50,000
12 16,000
13 2,600
15 1,100

Boreho)o 8

Depth Gross Nal

——— - —

00 2,000
02 1,500
' 04 1,100
06 1,400
on 1,400
10 1,500
12 1,400
14 1,600
16 1,000
18 1 400

Ra~-226

———

A
—————

o ———

- W

- -
———

—

——

——————
------
------
——————
——————
——————
------
______

-

——

- -

e W ———

Radionuclide Concentrations (pCi/g])

Bi-214 U-238  Ra-223  K-40
1.0B0  ---cme cemeee 1.0El
‘.330 ------------ ‘0180
2.3B0  ceemmm mmmeee 2.9E0
2,2E0 —eeece cceeee 3.0E0
1.1JE0 ~mmeee ceeeee 2.1E0
1,1E0  ~v===r cecew- 2.1E0

Radionuclide Concentrations [pCi/q}
Bi-214 Ra-226 Ra-223 K-40
8.3E0 6.4E0 7T.4E0 9.4E0
3J.0E] 0E1 2.0E1 @ ~-----
2.2€E1 2.1E1 1.981 --—-0m-
1.7€1 1.3€) 8.JE0  ~-——--
2.2E1 2,.1E1 1.86E1  ------
4.1E1 4.0E1 J,6El  ------
$.3E] 6.3E1 4,1E1  -——-——--
2 0382 2.352 2 0082 ------
9.1E]1 1.1E2 3.9l @ ------
7.2E0 5.5E0 4 .40 8.5E0

- -

Radionuclide Concentrations |pCi/q}

Bi-214  Ra-226
4.0E0 3.4E0
1.5E0 1.3E0
1.2€0 9.2E-1
1.1EOD 1.1E0
1.1E0 1.1E0
1.2€0 1.1€0
1.1E0 1.3E0
1.1€0 1.1E0
1.3E0 8.2€-1

Ra-22)

-——— -

- —— -

-

A

K-40

-

- —

.

-

- -

R

- -

-

e

- ———-

-

- -

- -

- -

- ——

- a -

e -

i ——

-

—— -

- ——

. g —

— e  —
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Table 5, cont,

Borehole #9 Radionuclide Concentrationg lpCi/g)
Depth Gross Nal y-238 Pb-214

Bi-214 Ra-226 Ra-223 K-40 Pb~-211 ‘b-212
00 1,400 - 2.2E0 2.3E0 2.0B0 e o T J.2g-1
02 22,000 4.6E1 5.6E1 5.6E1 5.5E1 3,.5E1 1.1E1 3JJAEY el
03 11,000 -—--—-- S.4ED 4.280 6.5E0 @ ~eo___ 1.2B}  —eco. L
04 2,000 -----o ) .3E0 1.3€0 1,480  ~ceao. 9.3E0 -~ . _______
06 600 --e-e- 7.0E-1 8.4E-1  5,66-1 oo 3.860 .. _______
08 1,000 oo 9.68E-1 7.8E-1 1,260  we-cao 6.180 -~ _______
10 900 -eca.. 8.0E-1 9.5E-1  6.5E~1 —eece- 5.E0 l1.6e0 ..
12 1,000 o-ee o 1.1E0 1.3E0 1.0E0  weue o 8.1E0  -———_. J.4E-]
14 700 2.7E0 7.7E1 8.3B-1  7,0E-1 —-aea_ 4.9E0  e-el S.0E-1
16 1,100, ~—eeu-a 1.0€E0 1.0E0 L e 4.7e-]
la 1'300 --------------------------------------------------
20 1,000 7.6E-1 1.igo 1.2g0 9.0E-1 —-eeo 8.780  -eeee. L ____
22 1,200 -———aco 1.3€E0 1.3E0 1.2E ccememe 9.5E0 .ol 5.3E-1

Docrehole #10 Radjonuclide Concentrations IpCi/qg)

depth Gross Nal 0-238 Pb-2]14 Bi-214 Ra-226 Ra-223 K-40 Pb-211 Pb-212
00 1,000 ~c-uo_ 3.5E0 3.JE0 3.7e0 9.4E-1 3.6e0 .  _______
01l 35,000 -----_ 1.4€El 9.2E0 1.8E1 4.4E0 3.6E0 el L __
02 >50,000 —~--e- 4.2€2 3.7E2 L
03 >50,000 -—---- 4.8E2 4.4E2 5.2E2 TEETTS semmes e melaoll
04 35,000 ———--- 2,5E1 1.8€1 3Bl eemeen el . IIIITTT
05 13,0060 —-e--- 9.4E0 86.3E0 1.El el et ol 2
06 "500 ------ 10231 lo‘Bl I.OEI 30950 ------ 5.080 3.18_‘
08 2,000 --cn-. 1.3€l 1.1E} 1.581  —ceeen oL 1107 2.4E-1
10 1,800 7.3E1 1.2E2 1.3E2 1.0E2 7.0E]  ——eu o 4.5e1 e __
12 2,000 1,2g1 1.6E1 1.8€1 1.3E1 1,1E1 4.2E0 1.1E] eee.
14 500 4.9E0 5.1E0 6.1E0 4.0E0 2.7E0 3.080 - - L

Borehole 111 : Radionuclide Concentrations ipCi/g)

Depth Gross Nal Ra-226 Pb-214 Bi-214 U-238 Ra-22) K-40 Pb-211 Pb-212
00 50,000 8.4E) 6.6E1 1.0E2  --e-eo 2.2E1 5.6B0  -—eeo-- L.
01l >50,000 3.6E3 2.9E) 4.4E3 TWIB2 oo . L _IITTT
02 >50,000 1.3E4 Ot 1.3E4 2.9E3  -e-e-o e L. L.
03 >50,000 1.7€e3 1.1E3 (28 e e LZZDID IIIIITE
04 30,000 7.0k0 5.310 B.6R0 oo e 0 IIIIITC
05 22,000  4.9E0 4.6E0 5.2B0  ------ 3.6E0 1.3E1 1.)E0 7.4E0




(=] E ¥} elll

le #11, cont, Radionuclide Conce:-trations |pCi/qg]
Depth Gross Nal Ra-226 Pb-214

Bi-214 U-238 Ra-22)} K-40 ‘er-le Pb-212
06 20,000 7.1E0 7.4E0 6.7E0  ~—cmee 4.6E0 1.6l  —-cee-
07 20,000 8.3E0 8.8E0 7.8E0 2 ~—~rom mmm-ea 1.1E1 ;e
08 20,600 1.3El 1.5E1 1.2E] | ~we--- 2.0E1 1.0€1 5S.BE0 = ~e-----
09 20,000 ~—-=~-=  ~mcmmeo  memcee cemeer ccrree mmmmme cmmmmm e
Boreh.le #16 Radionuclide Concentrations {pCi/a]
Depth Gross Hal U-2)86 PL-214 Bi~-214 Ra-226 Ra-223 K-40 Pb-211 Pb-212
02 6,000 1.3E} 1.4E)} 1.6E1> 1.1E1 4.3E0 6.2E0 6.1E0 ~vcra-o
03 9,000 o=~ 1.8E1 2,2E€1 1.5€1 6.9€0 7.9¢€0 B.8B0 = c-eeee-
04 33,000 2.9E] 5.0E1 5.9E1 4.2E] 2.0E] 5.0E0 1,661 = e-—eme-
05 48,000 6.5El 1.1E2 1.3€2 9.8E1 5.6E1 1.0€1 kI 1 >3 T ettt
06 35,000  ~-—-m- 1.2E2 1.4E2 1.0E2 7.8E1 6.7E0 4,38 2 -------
07 9,000 ~----- 4.0E1 5.5€1 J.1E1 J.NEl | —emee 2,0E1 8.2E-1
N 08 6,000 1,21 1.4E1 1.5E1 1.2E€1 4.8E0 g Y 1 X | J oS
- 09 15,000 ~e--—- 1.5€E1} 1.781 1.3E1 7.0E0 4.1E0 5.%€0 = ~-e—---
10 35;00C ------ S-BEI 606E1 5.051 7.521 2.3B0 2-5[.:1 ------
i1 »50,000 1.782 1.882 4,582 3.1E2 1,762 -=wee- 1.4E2 8.5€-)
12 >50,000 1.982 5.1E2 6.0E2 4,8E2 J.0E2  ~----- 1.4E2 2.8E0
13 >50,000 1.2E2 2.4E2 2.4E2 2.4E2 7.2E1 -~v-cme 2.6l = ~--cee-
14 >50,000 3.3E2 S.4E2 4.7€E2 6.0FE 2,462 2 ------ 4 .0E2  ~,o--ee-
15 »>50,000  —~---~ 9.2E) 6.9E) 1.1E4  ~---->  ,emeeme cememe e
16 >50,000 --~—--- 7.7E3 6.1€3 9,2 2 ~=---= mmmmee seseee ecemmma
17 37,600 ------ 8.2E1 8.1¢1 8.3E1 1.6E1 5.7€0 2.681 = ~e-eee-
18 8,000 -—----- 2.9F1 1,081 2.7E1 6.1EF0  ----—- 1.5 @ —emme
19 6,000 1.3El 3.4€1 4.2€1 2.6El 1.562  -—---- 1.9€1  —---ee-
Borehole #17 Radionuclide Concentrations {pCi/g)
Depth Groes Nal U-218 Pb-214 Bi-214 Ra-226 Ra-22) K-40 Pb-211 Pb-212
00 700 ---—--~- 1.2E0 1.1E0 1.2B0  ~=-==- 4. .4E0  ~--emm meewen-
02 606 ---—-- 5.4E-1 5.3Ee-1 5.4E-f ------ 2.JE0  ~—ve-- 1.3E-)
04 300 ------ J.IE-] 3.7e-1 2.9B-) ~e--e- 1.8E0  ------ 1.8E-1
06 250 2 --~--- 2.6E-1 2.4E-1 2,781 ~em--e- 1.9B0 -~~~ meeeee-
1] ] 300 ------ 2.48-1 2.9e-1 1.9E-1 ~==--e  c----e eecee- meee e
10 o0 ------ 2.9€E-1 3.6E~] 2.2E-1  -==-=- 2,060 -~------ = s--c---
12 400 ----~~ 2.76-1  —-e-=- 2.7E-1  ~-—em-- J.og0 - ~-—-—-- 2.1E-1
14 700 2 ---=-- 5.9e~1 5.3e-1 6.5E~1 ~-=--- 4 760  ~----- 6.5E-1

a o -
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Table 5, con

Borehoie 117

16
18
20
22

Borehole #18

Depth Gross Nal

———

Borehole #19

Depth Gross Nal

—— e

00
02
04
06
07
1))
09
10
12
14
16

t.

, cont,

- — -

1,500

800
3,000
1,000

-

1,000
1,500
1,100
1,000

600

600
1,100
1,000
1,000
1,200

- —

1,000
1,700
2,100
4,400

28,000
>50,000
17,000
4,600
1,000
600

500

- -
—— i d—

v-230

------
------
——————
------
------
------
------
------
------
------

______
______
______

______

Fb-214

——— . ———

———— . ——

6 .4E-1

Radionuclide Concentrations (pCi/g}

Bi-214 Ra-226 Ra-223 K-4G Pb-211
------ 1.2E0 —————— 1.E1 ——————
1.5€E0 1.480  -=---- 5S.JE0  ------
$.0E0 8.0E0 2.9E0 6.5e0 ~--r--
1,7€0 1.580 2 ——--e- 4.3E0  ------
Radionuclide Concentrations [pCi/g)
Bi-214 Ra-226 Ra-22) K-40 Pb-211
1.3E0 1.2E0 7.28-1 7.0  --~=--
1.0£0 8.3E-1 ~--ee- memmee cemees
1.1E0 8.8B-1 —---e- 6.90E  ------
3.3€6-1 4.8E~-1 ~=-=--- 2.5e0 2 ---——-
6.5E-1 4.9E-1 ------ 2,580 2 ------
9.‘E-l 6.18-1 ------------------
7.2B-1  6.1B-1  —-emee e eeeee-
1.0E0 $,0E-1 =—-e-re  cecmea eee--
Radionuclide Cuncentrations [pCi/g}

Bi-214 Ra-226 Ra-223 K-40 Pb-211
1.4E0 1.3E6  ——==—- 1.0  =--—-~--
4.3€E0 J.4E0 2.1E0 4.4B0  ---—--
4.2E0 3. 580 2 -—=-—- 1.4 2 --==--
6.3JEO 5.6E0 2.3E0 1.0l  ------
3.5El J.9€1 2.2E1 1.3E1 2.5E)

3.4E2 3.4E2 2.3E2 7.5€0 2.3E2

1.7E1 2.2E1 5.JE0  --——-- 1.3E]

3.9E0 4. 460  -~=-==-- 6.1E0  --—---
6.0E-1 7.0E-1 —-===-~ 4,90 2  -—=-----
1.1E0 6.4E-] -=emm meme-=s eoeses
7.1E-1 $.76-1 ~=-m=- 2.480 2  -—----

——

- a -

-

R

—— e -

e

- - ws

e g -

- ———

- ——
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Table 9,

Borehole #20
DeptLh

- -

00
01
02
D)
05
0?7
09
11
13
1%
i7

Borechole #21

cont.

Grosse Nal

——

Depth Gross Nal

—— -

-

“60,000
350,000
>50,000
32,000
9,000
4,300
6,000
7,000
7,000
10,000
8,000
,000
3,500
3,000

-

A

.

- -

-

-

-

[PRRpF VAPV N —

S —— i ——

——— -

- ——

——

e

Radionucl ide Concentrations (pCi/g}

K-40

-

— -

————

—— -

K-40

i o -

-

- -

e
-

- -

Bi-214 Ra-~226 Ra-223
J.8E0 1.4E1 6.9E0
6.6E1 7.6E1 4.3E]
9.9E0 1.7E1 2.9€0
------ 2.7E0 ——————
1.4E0 1180  —ceeo-
1.2E0 1.1JB0  ~-eee-
2.0€0 1080  ---w-=--
1.9E0 1,8E0  =~—e=--
1.JE0  ~ceeee cmeeew
1.3E0 1.1E0  ~eeme
7.7E-1 6 .4E-1 ~meme-
Radionuclide Concentrations [pCi/g]
Bi-2)4 Ra-226 Ra-223
4.2E]1 2,7E1 | =r=e--
1.3E1 1.2E1 3.260
9.5E-1 1480 2 --=ere
1.3E0 1.3E0  ~ovwew-
5.2€0 5.660 —cre--
6.0F) 8.47) 1,203
5.4E2 7.6E2  ----—-
2,083 }.1ed 8.3€E2
6.7€1 7.9€1 2.9E)
J.6E] 3.5E1 9.3E0
2.8E1 2.0El 1.9E0
1.7E1 1.2E1 | ~=w—e-
6 .2E0 S.4E0 -~
8.8E0 7.3€E0 3.ece0
1.%E1 1.1E1 6.1E0
1.3E] 9.4E0 5.3E0
7.2E0 5.7€0 3.280
7.1E0 5.2E0 3.7€0
6.4E0 4.4E9 2.7€0
8.3EO 5,.5E0 4.4E0

Pb-211

-

- t ——

______
------
------
------
——————
------
——————

______
------
——————
------
------

b

——————
------
——————
______

-— -

- g
-t
-—— -

-

- -

et

-

-

-

- ———

e -

——

———————
-------
_______
-------
-------
———————
-------
———————
———————

- ——

—— ok woam m =
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Table 5, cont,

Borehole 822

Radionuclide Concentcatione [pCi/g]
Depth Gross Nal U-238 Pb-214 Bi-214 Ra-22L Ra-22) K-40

P —— —— —— - ————— [ —

00 10,000  -~=--- 2.4E1 2.7E1 2.1E1 1.6E1 2.7B0  ~=—vome  cemmeaa
0l 13,000 2.0E1 3.2E1 3.8E1 2.5E1 1.5E1 5.9£0 1.7€l S.6E-1

02 11,000 1.9E) 2,8E1 1.2¢1 2.5E) 1.6E1 4.1E0 1.581 = e—eeeee-
(1R} 4,300 ------ 5.6E0 6.3E0 4.9E0 2.2E0 4.1E0  --~--- 6.7€-1

04 5,500 ~------ 1.1E1 = 1.2€l} 8.8E0 5.9E0 6.95E0 2 --—==~e e
06 4,500 --=--- 8.1E0 9.4E0 6.7E0 S.4€0 J.ero0 $.7E0 l.6€E-1

07 5,000 9.4E0 B8.9E0 1.0E1 7.3ED $.4E0 6.JE0  --=--- 7.0E-]

08 5,000 1.0g1 1.0€1 1.3E1 8.4E0 7.1E0 3.7E0 6.6E0 @ ~reee--
10 4,300 ------ 1.5E1 1.6E1 1.2€1 7.3E0 2.8E0 S.E0 @ memea--
12 7,000 --—e-- 1.4E1 1.7€81 1.JE] -~ 4.1B0 2 ———-ee cmeeae-
13 4,000 1.,.S5El 1.4E1 1.6E] 1.1E1 6.9E0 2.9E0 6.1E0 @ ————--—-
14 7,000 9.1%0 1,31 1.6E1 1.1E1 4.7E0 4,8E0 2 =c=-=r  meemeee-
15 9,000 -~~w-- 2.3E]1 2.9E1 1.7€1  1.3El J.7E0 1.0E1 = ~--w---
16 8,000 -~--w-- 2.3E1 2.8E1 1.9E} 1.6E] 2.0E0 1.1E}  —eeee-
l-, 3‘500 7.3E0 10‘80 0.330 GQ‘EO 5.0!0 2.3Bo -------------
18 7,000 1.BEl 1.8E1 2.081 1.5E1 $,1E0 2 ~-=e-=  cecmeo—  mcem——e
19 9,000 ~----- 1.7€1 2.0E1 1.4E} 1.2€1 3BEQ  ~m-eee mmeemeo
20 13,000 ~-~—--- 3.5E1 4.0E1 1.0E1 2.5E1} J.7E0 l1.5E} = -—==r-e-
21 In,000 ------ 1.1E} 1.1E1 1.1E1 3.5E0 J,6E0 2 —mmrme e~
22 24,000 ------ 1.9€E) 1.6E1 2.1E1 4.1E0 4.3E0 6.3E0 @ ,ecee--
2] 350,000 ------ 5.8E) 5.8E) S.6E3 3. 082  ------ 2.662 = eeeee--
24 >50,000 -~----- 7.0€2 6 .4E2 7.5E2 2.9E2 2 -~---- "3IE2 memeee-
25 >50,000 ------ 6.4E2 6.4E2 6.4E2 3.6B2  --—--- J.AE2 @ W cmeee--

Eorehole #3131 Radionuclide Concentrations (pCi/g] '

Depth Gross Nal U-238 Pb-214 Bi-214 Ra-226 Ra-22) K-40 Pb-211 Pb-~212
00 1,200 ==c-e- 6.5E-1 5.6E-} 7.4E-1 —em——- 7.860 2 ~------ 5.6E-1}
02 900 ~-==-w- 5.6E-1 S.9E-1 $.IE-] eecmes amcene ersee- 4.5€E-1
04 1,500 ------ 9.18-1 9.3e-1 8.9E-1 ~emme- 6.5E0 1,760 —-mee-e-
06 1,000 ~--=-- 6.3E-1 6.4E-]) 6.3E-1 e=m=-- 6.0 ---vm—- weeeee-
08 800 ~----- 5.1E-1 4.52-1 5.1B~1 ~mmeem com-ee sesems —eee—e-
10 800 ----~- 4.9E-1 $.2BE-1 4.5B~1 —=memr= eemmee —ecee- 3.8E-1
12 1,500 -——---- 3.7E-) J.TE~] mmemes ereee- 3.JE0D ---em= memeeo-
14 1,100 ~--——- 7.18-1  -=-—=- 7.1E~1 —-——-- 1.3E1  ~====>  —----ee
16 1,000 ~---- 5.1E-1  -==~-- 5.1E-1 ------ 4.0E0  ------ J.1E-1
18 1,500 8.56~1 8.1E-1 8.6E-1 7.7E-1 —=mm—- 8.1E0  ~--=—- 8.0E-1
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Table 5, cont,

Porehole #31, cont.

Radionuclide Concentcations [pCi/g]

pepth Grose Hal U©-238 Pb-214 Bi-214 Ra~-226 Ra-223 K-40 Pb~211 Pb-212
29 600 --~--- 4.9E-1 4.8B-) S5.0B-1] ~----m  emcee aemee. 6.2E~1
22 1,300 --m--- 7.1E~1 8.4E-1 5.9E-1 —~==-=  cmrerr  emeene an ————
24 1,300 ---r-- 1.1E0 1.1E-1  1.0B0  —-wve- 6.2B0  ~-meee cmmeceoo

Borehole #32 Radionuclide Concentrations {pCi/g)}

Depth Gross Nal U-2389 Pb-~214 Bi-214 Ra-226 Ra-22) K-40 Pb-211 Pb-212
00 16,000 -~~m=- 8.3E0 6.5E0 1.0E1 2.0€0 2,2E0  w-esece ceeeeo
131 >50,000  --w--- 1.5e2 1.4E2 1.6€2 1,182  ~=m-ee 6.9} @ eme-ee-
02 17,000 -~----- 4.3E1 4.1E1 5.781 2,0E1 3.9¢e0 1.9€1 m—————
03 5,000 -~---o- 3.1ED 2.1e0 4.2B80 2 ~evcome memres cmmeas ceemeae
04 1,300 ~—----~ 3.1€0 2.1E0 4.2E0 —wmm—— seemee ce—ee. ———————
06 1,700 ~----- 1.780 1.980 1.4B0  s--eme eescen cnceeo 3.1E-1
08 1,700  -~----- 1.9€0 2.280 1.680  ~~---- 8.280  ~e---- 1.8E-)
10 1,700 ~----- 1.8E0 2.0E0 1.5B0  -==v—- 1.2BY --r-e= emeeeee
12 1,600 ——~--- 1.6£0 1.7E0 1.5B6  ~~=--—- 1.26f  ------ 6.0E~1
14 1,600 ---—-- 2,6E0 2.7E0 2. 4EB0  ~~v--n  —csces eecmee cmemeee
16 1,800 ~-——-- 1.7E0 1.5E0 1.980 2 ~~vmem meemee meeee 7.1€~1
18 1,900 -~~~ 9.3JE-1 8.7E-1 9.9E-1 ~-=--- 1.4E0 ------ 8.5E-)



Table B - 1 : Area 1 Soil Analytical Results - Uranium-238 Decay Serics

Boring Depth Uranium-238 Thorium-234 Uranium-234 Thorium-230 Radium-226 Lead-214 Bismuth-214 Lead-210
(feet) Result [+/- Sigma] MDA | Result | +/- Sigma] MDA | Result | +/- Sigma| MDA | Result [+/- Sigma] MDA | Resutt [+/- Sigma] MDA { Result [+/- Sigma)_MDA_| Result [+/- Sigma] MDA_| Result [+/- Sigma] MDA
Site Specific Background(Mean+2 Std Dev) 2.24 2.76 2,73 2.45 1.30 1.13 1.61 3.77
Reference Level Concentration
Surface Samples 7.24 71.76 7.73 7.48 6.3 6.13 6.61 877
Subsurface Samples 17.24 17.76 17.73 [7.45 16.3 16.13 16.61 18.77
ARFA |
WL-101 3 0.88 0.5t it - MDA 193 .54 | 044 i} 218 0.57 T .64 0.22 [IRE] 1.02 0.25 037 1.22 0.37 033 - MDA .83
20 1.63 0.49 i 1.47 0.87 1.36 .47 0.16 a7 T.63 0.57 671 0.91 0.19 35 0.92 0.22 026 0.7} 0.35 035 1.3 127 ; an
Wl.-102 5 0.35 0.33 tir - D 116 L.06 0.37 0.1t 4.18 1.02 23 1.17 0.22 026 1.56 0.4 0.26 < MDA ned 1.49 1.4 Al
15 1.34 0.43 it 1A 147 1.24 0.41 it 1.68 (.58 0.1 0.98 (.23 033 1.14 0.28 03} ~ MDA ned - AfDL 230
WL-103 5 1.60 0.48 16 - MDY i 93 1.95 0.55 020 1.42 0.51 fL2r 1.17 0.26 Y 1.1} 0.33 033 1.23 0.38 0n3s 1,82 1.59 5
10 1.12 0.34 044 A 402 1.41 0.59 04 7.52 1.65 .16 .81 0.34 033 071 0.4 017 MDA 099 - AP i
WL-104 3 0.70 0.27 0.4 < MDA 098 1.19 0.37 0is )08 0.85 H2f 0.78 0.18 34 0.92 C.19 03] 0.68 0.29 030 - AR i
20 0.32 0.14 uii [zX 16 0.52 19 N 10 .26 0.47 02 0.39 0.19 134 0.36 0.22 .26 .59 0.33 034 <MD [
WL-[08 10 6.94 1.28 014 VA 05 6,64 1.25 .16 522 95 ik 40.8 2.1 06 40 2.8 27 40.2 27 é 3.4 124 -1
30 1.10 .34 .08 1.86 1.2 138 1.16 0.3 010 1.59 0.56 0.3 0.99 0.23 734 080 | 0.2 nzs | - viDa 063 1,77 ! Joe
WL-106 0 105 22 2 O 14,75 105 22 k) 9700 1800} e 206 37 2 650 52 i3 948 38 2z (LT 135 ki)
5 6.69 35 273 ~ D 278 i1.5 4.3 40 73t 135 02! 18.8 1.3 04 19.1 5T 20 18.1 1.7 e 47.5 6.5 34
5 DUP(F) 26.4 10.1 172 ~ MO 802 - MDA 53 Tob 142 414 128 6 f.4 110 7 8.0 128 7.00 ! 212 23 i
23 2.89 0.56 005 | - oA 262 2.7 0.53 2.06 2.38 0.55 014 i.16 0.25 ad |62 0.29 0.9 1.06 9.31 o0 | e [ %
25 DUP{F) 2.08 0.45 0Ny (DA 383 1.9 0.42 048 6.49 i.37 042 2.92 0.35 0.3t 1.94 044 7.33 - MDA 092 - MDA Y
WL- 17 5 0.89 0.34 i i.98 1.1] 1.0% 1.30 0.43 0lf .89 0.34 13 0.80 0.21 029 0.86 0.23 023 0.57 .39 .29 ~ MO [
51 0.3 018 708 MDA tis 0.54 0.24 004 1.56 0.27 13 0.71 0.21 036 0.80 0.23 oM = MDA (] C ML i
51 DUP (L) 0.59 (L25 008 D i 29 0.34 0.19 003 0.67 0.33 023 .42 0.2 38 .47 0.27 0.3 ~ MDA 0.3} 2.06 1.54 7oi
WL-108 5 1.05 0.38 42 DA §22 0.74 0.31 010 1.21 0.42 016 0.95 0.25 037 0.96 0.27 .29 < AFD 067 - MDA kg
WL-109 3 .66 0.24 007 Vo 122 0.66 0.25 .08 0.67 0.3 013 0.90 .21 031 0.92 0.27 023 ML n63 - MO 133
50 .99 0.58 2 o 181 0.57 0.27 iy R 0.36 12 0.95 0.21 02,30 1.01 0.23 029 “ MO .58 2.06 1.65 1 v
30 DUP (L) 1.1} 0.39 n12 VD 394 0.83 0.32 it 2,43 0.71 .26 1.36 0.37 0.5¢ 1.47 (.48 047 - MD .99 - MO 46 3
WL-110 ) 0.87 0.33 an (X 147 1.25 041 n.ng 0.66 0.35 0,23 0.87 (.25 .40 1.17 0.29 032 < MDA 66 MDA R
50 1.14 0.39 23 - MDA () 1.17 0.4 .20 0.87 0.29 n12 1.01 0.21 S} 1.2 0.24 028 1.04 0.3 0.30 < DA 191
WL-111 0 1.04 0.46 N 18 1.72 1.5 127 1.70 0.63 .25 212 0.72 129 0.91 0.22 033 1.05 0.27 "3z 0.96 .32 033 1.82 1.532 iy
5 1.6 0.65 .90 1.43 1.4 119 3.37 .08 0.97 .76 0.90 077 0.61 021 042 1.95 0.27 0.3 = MDA 054 - MDA 162
3 DUP (L) - - - - - - - - 0.91 0.23 041 1.03 0.27 712 0.81 0.39 .41 < MDA i 96
31 - MDH 032 743 Mo HH 0.78 047 058 247 1.26 079 0.48 0.18 033 0.49 0.21 030 < AfDA 35 - DA 133
51 DUP (L) - - -- - - - - - 0.51 (.22 015 0.51 0.25 026 < MDA 054 -« MDA Lah
WL-112 0 1.22 0.43 Nz D 163 145 0.48 043 167 0.76 0235 1.32 0.24 04 1.30 0.30 037 1.33 .59 0.4} - MO 231
5 3 1.58 [LER) - D4 235 .92 i.46 7289 " 84.4 15.8 19 4.66 0.46 042 514 0.56 034 4.35 0.68 047 11.2 2.80 XU
47 1.62 1.09 788 MDI 174 1.74 1.15 186 0.92 (.44 042 0.76 0.20 .34 0.90 0.25 0.26 0.61 0.51 034 - MDA Ff0
Wl-113 3 1.25 0.54 726 0.58 0.58 040 1.40 0.39 N3z 0.3 0.15 011 0.97 0.08 .06 0.88 0.11 006 106 0.11 .06 =MD L2
3 DUP (F) 0.62 0.30 .08 0.83 0.4 03 0.76 0.34 0 i6 0.58 0.23 f1s 1.06 0.08 a 06 L0 0.10 0.03 LO6 0.12 .06 1.41 0.54 ad4d
i0 1.06 0.44 009 Y 129 1.20 0.48 0,22 .21 053 W13 1.53 0.14 .12 (.65 9010 a1z .40 0.21 3L Y 1610
WL-114 0 147 38 e 359 13.5 ¢ 154 40 10 7850 1470 097 109 5 .y 108 8 ! 110 6 Ny 206 26 ¥
5 3.54 1.38 N3t D4 073 343 1.35 0.63 2.2 4.9 [ 2.59 017 H06 2.52 0.27 025 2,60 0.20 g 29 1.00 nys
5 DUP (L) - - - - - - - - 1.54 Q.14 on; 249 0.20 .08 2.53 0.19 anr = AD4 I £
15 1.60 0.82 a23 WD 072 1.29 0.74 fl 50 1.08 0.46 n28 0.98 0.08 067 0.99 0.12 o0y 0.97 0.12 047 < MDA 144
IS DUP (L) - - - - - - - - 0.97 0.08 007 0.97 0.1 109 0.97 0.13 a7 - NDu 24
WL-115 3 1.22 0.49 02} 1D .31 1.30 0.52 #0249 0.84 .29 014 1.00 0.08 0.06 0.99 0.10 .06 0.99 0.12 .06 0.98 (145 49
40 0.33 0.20 ail 0.52 0.36 .25 0.35 0.21 0.6 0.29 0.16 YR “0.58 0.05 0.05 0.59 0,07 0.0 0.58 0.08 a5 0.72 045 .40
WL-116 L 0.98 0.34 0is D 254 1.04 0.38 [ 1.94 0.69 iz 0.94 .21 033 0.94 .27 029 - MDA el < MDA oy
5 1.18 0.50 N4 1.07 048 .31 1L.15 (.49 036 0.51 0.21 013 L1l 0.08 006 1.15 0.1 006 1.07 0.12 a0 t.44 0.59 043
L 3DUP(F) .03 0.51 020 ~ A0 132 .64 0.39 38 0.35 0.17 01t 1.18 0.13 L¥E] 1.11 0.17 03 1.24 .18 013 = MO 11.30
I .33 0.4 005 0,73 0.37 03 1.i4 0.37 0 0.36 0.3 021 .00 0.07 .08 1.02 0.09 .04 .98 0.1 .03 1.15 0,42 039
WiL-i17 10 2.9 0.86 a6 L4 0.59 139 1.72 .61 n2s 1 3658 7.4 N 315 0.19 007 .92 023 .08 3.22 0.23 0.07 5.81 L1 047
25 0.56 0.31 i ju 14001 38 0.56 0.31 0t 0.7 0.28 t13 0.62 0.06 05 0.58 (.08 .00 0.68 0.09 0.5 ~ M 114
WL-118 3 17.8 4.1 no I 3.0 15.6 3.6 .2 413 87 24 18.4 1 03 19.9 1.6 aJ 18.4 1.2 3 ¢ MDA . 403
0 114 0.47 Y 052 [0 03 1.18 0.48 " iy 7.19 .88 0. i.3i 0.1 o 1.24 0.11 0.5 .17 0.1 203 0.97 0.62 054
WL-T18 5 0.12 0.35 1z 0.85 0.42 033 0.51 019 it Lo 038 [ a2 0.89 0.07 .06 089 | 009 0.03 0.91 0.11 .06 1.06 047 013
30 T vipd 036 frig VY PEXONN B %10 0.53 550 067 033 TR T 0.05 LYY 0.44 0.06 n0d 0.48 0.07 204 D 035
30 DUP (LY - - - - - - - - 0.48 .05 .4t 0.49 0.07 006 0.46 0.07 006 <MD 239
S DUP(F) 0.36 0.23 2t 0.5 0.3 1y 0.57 0,20 o .22 0.13 Nt 0.45 .05 [T 0.43 0.06 nnd 0.46 0.07 06 0.62 0.38 603"

stk [238dvenads 5 Toas LR

1arl




Table B - 1 : Arca 1 Soil Analytical Results - Uranium-238 Decay Series

Boring Depth Uranium-238 Thorium-234 Uranium-234 Thorium-230 Radium-226 Lead-214 Bismuth-214 Lead-210
(feet) Result | +/- Sigma] MDA { Result {+/- Sigma] MDA | Result [+/- Sigma] MDA | Result [+/- Sigma| MDA | Result [+/- Sigma] MDA | Result [+/- Sigma] MDA | Result [+ Sigma] MDA | Result [+/- Sigma] MDA
Site Specific Background(Mean+2 Std Dev) 2.24 2.76 2.73 2.45 1.30 1.13 1.61 377
Reference Level Concentration
Surface Samples 1.24 7.76 7.73 745 6.3 6.13 6.61 8.77
Subsurface Samples 17.24 17.76 17.73 17.45 16.3 16.13 16.61 18.77
WI_-120 5 0.95 0.38 018 0.85 0.54 43 15 043 .26 0.48 0.13 912 .00 0.09 207 0.96 0.11 a.07 L.04 0.13 Q07 MDA 07y
56 0.57 0.25 ni YD e 0.46 0.23 o | o3 0.19 i 0.92 0.1 01l 0.85 005 011 .04 0.16 it MDA v.35
30 DUP (F) 0.92 0.46 e 0.76 0.54 64 .98 047 035 0.38 0.19 2 1.07 0.09 iy 1.05 0.12 005 1.1 0.13 4y 1.03 0.63 a8}
Wh-121 0 0.94 .27 i 0.78 0.24 i 13 1,57 0.36 [y TN T .62 0.56 .39 28 [ NG [
Wl-122 0 0.87 0.25 06 0.94 0.26 o4 1,93 0.43 fit? T, 544 1.08 0.5 .44 »; ! 366 360
Wi-123 0 2.33 0.54 il 2.94 0.65 07 .45 .34 7 3y U 1.16 0.44 135 WYE Y7 - 145 343
W-124 [1] 1.02 0.26 1 4 1.5 0.34 .06 216 .49 (s <32 532 N 102 rus 143 950 1650 ]
BACKGROUND SURFACE SOIL
Borrow it - logss { 1.30 0.50 i LIS 0.89 1.04 1.06 0.44 0.20 0.92 0.44 037 1.19 0.22 [ 1.07 .24 023 A 0,75 .40 1.30 14
Borrow Pit - shale 0 1.85 .79 025 1.99 1.1 108 2.40 0.93 .36 141 0.42 0y 0.97 0.2 i+34 1.01 0.26 026 0.90 0.31 thad 1.58 1.56 123
Farmer's Field 0 .41 0.5 s MDA 1.80 111 143 0.24 2.03 0.6 i 1.1} 0.25 1135 1.02 0.35 033 1.27 0.4 033 216 208 24
McLaren/Han Shop 0 0.74 0.35 IXE} MO 1313 .32 0.5 023 1.68 0.59 042 0.95 0.22 03 .92 0.26 0.1 - MB 070 ~ WD 1o

All values expressed as picoCuries per gram (pCi/g), unless otherwise noted.
* = Nuclear Reeulatory Commission's Branch Technical Position (BTP) criteria for thorium-230 and radium-226. which are esiablished at Jevels of background plus 3 pCi‘g for surface samples and background

plus 15 pCi‘g for subsurtace samples (15 cm depth). have been selected as reference values for comparison of all soil ananlvtical data. Although this criteria is appropriate specilically for 1these two radionuclides.
thev ar¢ conservative values for comparison of all data. If no background conceniration is established for a specific radionuclide. then a reference value of 5 pCiig for surface samples and 15 pCi/g for subsurface
samples have been conservatively selected for comparison of the dasa.

-- = Noi reported
DUP ({F} = Field duplicate

DUP {L) = Laboralorv duplicaie

MDA = Minimum Detectable Activity

NE = Not Esiablished
NA = Not available.

Bolded numbers indicate resuit reported above the minimum detectable activiry (MDA).
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Table B - 2 : Area 2 Soil Analytical Results - Uranium-238 Decay Serics

Boring Depth Uranium-238 Thorium-234 Uranium-234 Thorium-230 Radium-226 Lead-214 Bismuth-214 Lead-210
{feet) Result |+/- Sigma] MDA | Result [+/- Sigma] MDA | Result [+/- Sigma] MDA | Result [+/- Sigmal MDA | Result [+/- Sigma] MDA } Resuit [+/- Sigma] MDA | Result [+/- Sigma] MDA | Result [+/- Sigmal MDA
Site Specific Background{Menn+2 5td Dev) 2.24 2.76 2.73 245 1.30 1.13 1.61 377
Reference Level Concentration
Surface Samples 1.24 7.76 7.73 7.45 6.3 6.13 6.61 8.77
Subsurface Samples 17.24 17.76 17.73 17.45 16.3 16.13 16.61 18.77
AREA 2
W(.-207 5 0.66 0.33 0 NE NE NE 0.8 0.37 0 .21 0.70 5.4 - ML e 0.68 0.53 .48 = MDA 793 ~ MDA [N
5 DUP(L) 0.89 (.39 6y .60 0.71 for 0.85 0.38 023 1.12 0.88 158 0.68 0.18 014 0.75 0.25 124 0.49 0.26 024 - MO 128
14 0.81 (.36 42} uhi 112 0.71 .34 2 i.78 143 f43 0.76 .22 n i3 0.95 0.26 223 4,57 (.38 0,34 S MO 31
W-208 3 1.60 0.50 a0 b 342 2.05 Q.59 nir 123 23 0 3.26 0.32 03r 3.9 0.43 ¢33 3.05 047 037 COAML 6y
5 DUP (L) 1,82 0.76 NES 2.64 .82 1.66 2.27 (.65 iy 94.9 17 .23 3.40 0.34 038 A2y 0.39 0.3e 3.36 0.53 038 7.37 249 2 S
9 1.75 0.18 0} 109 0.86 {59 1.65 047 019 10,07 2 0.07 1,35 ] 7033 035 1.55 0.25 022 1 Viba 06 2.08 KK {3
W-209 0 294 92 0 A 93,30 575 180 07 19240 5290 010 3720 142 in 3190 277 34 3690 136 10 - M [Thi
5 249 43 04 ~ MDA 56,52 335 57 1o 38280 1750 102 2970 123 : 685 125 34 3000 127 : YY) Tw
5 DUP (F) 287 47 nis 49.4 16.2 218 527 87 1200 32680 6420 200 Al40 116 3 1080 159 26 3150 L1t 3 1170 143 iXy
25 0.58 0.23 042 (§723] 07 0.46 0.22 023 26.9 54 nir 0.85 0.18 029 0.9 .36 029 0.78 0.26 a9 BTN oy
25 DUP{F) 0.61 0.24 008 D 128 0.59 0.24 .00 12.85 3.7 073 0.62 0.2 a7 .61 0.25 .26 < D {150 2.94 1.5 .39
WL-210 (] 134 42 0.6 4 285} 216 67 n; 18194 35190 151 2280 89 4 1450 179 22 2300 84 4 1370 162 s
5 65.5 112 i v it 145 25 018 (2400 2140 .14 520 26 3 546 38 3 512 18 i - M 37
5 DUP (F) 128 22 o1t 13.2 13.7 8.9 267 46 i 15610 2700 01 458 20 2 368 25 .2 468 20 2 58 72 12
40 0.91 051 0.4 - YD 123 0.69 0.26 012 18.2 33 042 0.68 0.18 a3t .80 0.21 028 0.62 0.28 0.3t - MD. 90
40 DUP (F) 0.54 0.23 .09 Vi 394 0.93 0.32 o1t 10.8 22 4 1.66 0.4 .59 1.32 0.53 045 1.40 0.64 159 - MDA 574
WL-211 5 2.61 0.64 atl MDA 198 2.30 0.58 ot 6o.1t 1.8 15 8.52 0.58 N33 8.47 .63 232 8.01 (.87 13 22.4 3.5 >f
25 0.66 0.27 N6 VDA 283 .68 (.28 026 4.97 1.04 016 0.42 0.19 034 < MDA .40 - MDA 046 - MDA 26.9
WLL-212 3 1.66 0.47 niz2 VDL 34 1.57 .46 o 5.73 i.2 .40 126 0.4 046 < MDA .83 1.20 .56 016 - MDA .9
10 1.77 Q.51 42 VDA .19 1.86 .53 014 116 20 N2 1.77 0.24 .28 1.95 .24 .26 1.63 042 23 4.02 1.6 1,34
WL-213 0 1.53 (.55 42 2.05 1.31 131 1.64 0.58 045 4.2 4.7 02 1.00 0.26 037 1.28 0.28 n28 -~ MDA 070 2.6 1.4 243
5 1.53 0.49 Nz MDA 3.50 1.00 0.8 nie 17.29 3.4 .46 1.26 0.23 0 1.32 .32 .30 - MDA 63 MDA 269
25 0.45 0.22 i3 MDA 3.6 1.06 0.36 0id 3.13 0.75 15 0.93 0.33 52 1.06 038 744 v MDA N85 - MDA 33
WL-214 5 0.81 0.3 ane 1.14 0.74 o8 1.09 0.36 niz 44.4 18 02 0.95 0.18 022 1.04 0.19 n23 -+ MDA 62 ~ MDA i3
25 0.67 0.28 02 VDA 3.23 0.97 (.35 0.4 12.8 2.5 015 = MDA .52 0.74 0.25 n.32 -2 41D ns2 - MO 26 9
WE-213 1] .53 (.68 045 MDA 3% 1.86 0.76 .45 535 I.14 007 0.70 (.20 0,29 .75 0.23 0.2% 0.58 0.37 029 - MD 175
WL-216 5 11.4 38 220 (V72X T06 12.5 4.0 1.90 1131 ny3 88.4 5.2 (124 359 6.4 4.6 93.2 3 09 176 22 v
25 .97 0.32 a0 D Lod €.81 0.29 809 1.46 0.46 04 §.03 0.21 039 0.93 0.25 .29 1.17 0.54 .39 v MDA 143
WL-217 3 0.51 0.21 08 Vo 1380 0.45 0.2 08 0.96 0.3 013 0.60 0.21 031 0.53 0.23 025 v A .52 174 1.54 1.36
- 10 0,96 0.31 04z LD 110 1.03 0.33 i 8.95 .90 04 1.27 0.24 0,29 1.30 0.29 0.28 1.24 0.37 0.29 2.1 138
WL-218 O 1.12 0.48 W16 .98 0.81 782 1.53 0.59 724 1.77 0.57 1t 1.06 0.19 024 .07 0.22 224 1.62 0.33 24 1.90 1.51 128
3 0.31 0.3 01z ung 16° 0.73 0.28 0z 119 0.43 14 0.85 0.20 04l 0.94 0.22 0.34 1.00 0.37 04 = MDA 136
40 0.53 0.24 nit VDA 1.36 0.84 0.32 0.12 7.27 1.51 h.{ 0.68 0.23 043 0.62 0.31 0.28 - MDA .60 1.76 1.61 016
WL-219 3 1.09 0.35 f.un VD! 182 0.91 034 {09 107 0.4 15 1.12 0.26 033 1.32 0.33 0.36 1.06 0.36 033 < MDA 244
10 0.60 0.38 ni3 1.93 1.04 1 06 1.16 0.56 39 0.64 0.25 08 0.62 (.22 4 .86 0.26 03f <t MDA 0355 - MDA 146
WL-220 5 1.0 0.35 8.0y MO 160 1.16 0.36 009 1.53 0.46 9.t 0.81 0.23 .36 0.90 0.27 0.3 < MDA 061 - MDA 204
25 0.95 0.34 [XE D {22 0.59 0.33 il 0.56 0.27 0.1 0.78 0.24 038 0.82 0.29 036 < AfDu 066 < MDA 133
WL-221 5 0,82 0.31 nig MDA 39 1.12 0.38 713 428 0.94 024 0.75 .2 134 0.92 0.25 0.30 0.81 0.29 0.3 < MDA 208
35 0.50 0.21 art |17s%] 162 0.52 0.2\ 0.4 1.24 0.41 016 « MO 03l < MDA 033 - MDA 0,51 = MDA 224
WL-222 0 3.36 1.04 042 : 369 2.26 0.79 n.23 131 23 919 2.94 0.59 N353 241 0.8 0.43 3.56 0.87 051 < MDA 90
5 1.21 0.38 .09 .04 120 1.46 .43 .43 81.4 15.4 07 1.80 0.26 20 1.85 0.27 027 181 0.43 029 445 1.86 142
30 0.40 0.23 iz 2 137 .51 .26 i 0.98 0.32 02 .82 0.39 n.60 < AD:l 07y < MDA 060 < MDA 3tz
WL-223 3 1.22 0.36 i 10 uo. 1.82 1.44 041 0l %.16 £.97 ai2 1.73 0.27 a.30 .77 0.33 031 1.82 0.38 .30 = 4D 243
12 1.93 0.54 043 ub 162 137 0.62 s .68 0.28 ni2 0.52 0.19 N33 .61 0.27 029 w MDA 050 - MDA i 63
WL-224 L3 0.63 0.41 i O {43 0.75 0.5 763 2.85 .31 iis 0.84 0.2 028 0.73 0.27 f.30 0.93 0.31 a2 = MDA 47!
35 0.77 0.78 ns? ALt 192 113 0.96 0 40 4.08 1.71 044 1.00 .22 047 .18 0.25 032 0.84 0.34 13 1.94 .64 i
WL-225 § 1.29 1.04 101 DL {0 317 1 69 ;22 2.84 |44 132 1.07 0.27 040 1.0t 0.35 0.30 0.93 0.41 0 48 173 2.15 142
Jgm e 0 DA 186 072717043 04 0.91 0.9 TET ERY s 0.59 0.31 04l MDA 072 < MDA 247
WL-226 10 1.63 0.65 a29 voa | ' 1.38 (.62 32 14.1 4 1t 14 0.27 @ 34 1.40 0.3% 0.36 1.25 0.41 34 4.35 1.78 L0
20 631717224 .9 1,55 [ EET Y] i3 731 173 3 L0 3.36 0.44 ) 116 047 547 MDA K] 5.93 75 33
WL-227 3 2.01 0.71 32 MO 153 L.68 067 0,37 20.4 4.7 0.9 1,32 0.22 n.2¢ 1.38 0.26 0.26 0.92 0.38 029 2.35 1.4 145
07 < VD4 0.30 033 o 0oR 0.66 043 B 1.78 1.33 nvs | 043 0.18 e 0.51 419 s Ry 054 1.81 143 74
WL-228 3. 1.84 1.19 i3 Mol 18 .50 1.09 137 1 .72 1.45 L3 0.7% 0.20 30 0.75 0.24 @29 0.79 033 .30 - MDI XA {33
I Y 0,39 R YL R i \iDa 0 th N7 113 0.76 b 0.64 035t 060 | 0.3 013 - VDA EYTHN Y 3"
w29 o 3 1.45 0.6 e 181 [ 0.7 10 0.82 0.47 032 4.97 1.89 09" 1.15 0.28 0 0.98 .28 4 26 LD i 1.82 1.57 1
B RS 036 330 wor | T'in 079 06 Py 117 0.89 R T 019 34 045" R S YRR Y7 . 51) MDA XA Yo7
Soil 1F2238dech.ads 2798 1511 PM ] of 2




Table B - 2 : Area 2 Soil Analytical Results - Uranium-238 Decay Series

Boring Depth Uranium-238 Thorium-234 Uranium-234 Thorium-230 Radivm-226 Lead-214 Bismuth-214 Lead-210
{feet) Result |+/- Sigma] MDA | Result |+/- Sigma] MDA | Result [+/- Sigma| MDA | Result [+/- Sigma| MDA | Resuit [+/- Sigma] MDA | Result [+/- Sigma] MDA | Result |+/- Sigma] MDA | Result [+/- Sigma] MDA
Site Specific Background(Mean+2 Std Dev) 2.24 2.76 2.73 245 1.30 1.13 1.61 177
Reference Level Concentration
Surface Samples 7.24 1.76 7.73 7.45 6.3 6.13 6.61 8.77
Subsurface Samples 17.24 17.76 17.73 17.45 16.3 16.13 16.601 18.77
WL-230 3 0.92 0.48 016 VD 105 2.23 0.8| 049 26.8 6.4 13 1.67 0.26 034 1.56 0.27 0,28 1.93 .46 934 2.26 1.73 [ 97
35 2.05 1.23 a6 < MM 1.86 1.75 1.18 118 1.33 .98 {75 0.53 0.12 036 .33 0.33 .29 <MD n52 - ML N 100
WL-251 0 2.04 0.79 0.26 = M 326 318 1.06 N 21 ] .39 boo 0.91 0.22 Ay 1.01 0.29 0.3 - WD 8§57 MDY 249
5 3.86 2.03 218 148 1.21 141 6.97 276 114 94.5 17.4 L 4.06 0.37 028 196 0.40 034 4.18 0.57 a1 5,59 215 £
i0 2.01 0.74 013 A 1.39 2.29 0.82 433 10.2 3.0 14 .37 0.34 Py 1.42 0.27 oy upd T a7 2.73 (.92 7 s
WL-233 27 4.48 217 1,80 2.03 1.30 {97 4.58 218 {64 427 ] 170 4.44 0.46 038 4.26 0.51 .36 4.43 0.70 a3y 9.83 2.56 a7
30 1.99 |.49 193 MDA i74 2.60 1.76 234 9.93 272 0y 0.79 0.20 L4l 0.87 0.24 34 0,76 0.30 i 4! 1.89 |.52 69
WI-234 ([} 138 43 54 24.5 15.8 iog 128 39 3 7300 19300 238 ;60 116 g 1100 95 25 3000 108 4 1300 157 24
10 DUP {(F) 60,7 12.4 P MDA 1463 5.4 07 a3 12000 3670 e 1260 49 3 592 3 16 1260 43 3 839 103 i~
20 0.98 0.44 nos ~ MDA 170 0.94 043 437 16.2 3.2 004 w MDA 066 1.18 0.32 %3} - MD .66 < DA 22ou
20 DUP (F} .11 .47 11,09 2.08 1.29 rz 1.64 1.29 99 11.3 232 ns 1.18 0.26 039 0.99 (.35 1032 1.34 0.39 039 A hFES
WL-235 0 0.77 0.4 3T VLT 42 0.97 .45 .31 12.4 2.48 N3 0.90 0.21 032 0.94 0.26 0.2¢ - MDA 0.61 1.56 1.66 f47
5 0.91 0.5 30 - MDA 4.87 .47 0.66 a6/ 21 1.45 6 0.74 Q.46 056 - MDA 10.86 - MDA noz . MDA 593
30 1.31 0.53 .24 MDA 2.0% 1.25 0.53 .44 . d1s 1.43 10 1.09 0.25 043 1.18 0.27 0.2 1.00 0.45 a3 < DA AV 206
WE-236 3 1.56 1.21 0o .~ MDA 2.02 1,43 1.22 P4 5.92 |.49 0ny? 1.63 0.23 114 .14 0.24 033 - MDA 068 < M PrE
35 1.98 1.29 03t 145 .13 126 2,37 143 054 4.9 .33 Lt 1.01 0.24 035 1.02 0.28 034 < MDA 067 1.79 1.36 17
WL-2539 5 1.22 0.45 01 VDA INE| 1,24 0.46 049 0.5 0.2 0.42 0.96 0.11 10 6.89 0.14 0.1 101 0.16 0,40 MO 3 N6
25 0.48 0.36 nis 1.24 0.88 0.89 0.83 .46 046 0.58 0.26 025 0.90 0.08 1 06 0.83 0.09 .06 0.87 0.11 006 -~ MO 245
WL-241 ] 3.90 1.07 013 L0 094 4.51 1.20 043 343 66 0.l i2.9 0.54 i 12.5 0.9 0.4 12.6 0.6 a4 26.7 3.6 it
L5 0.64 0.30 i3 0.75 0.31 .46 0.59 0,29 .20 0.57 (.21 03 1.04 0.09 007 0.98 0.12 .07 k12 G.13 oz 1.63 0.64 Na
WL-242 0 1.63 0.46 ¥ES A 3.85 1.83 0.5 07 8.63 2.62 076 1.57 0.26 51 1.59 {0.54 02.28 1.48 0.4 035! = M 298
2 0.75 0.3 fif A0 £ 13§ (043 0 21.3 53 51! 2,42 0.45 059 2.45 0.59 855 - MDA 1.24 - MD. 6.3
WL-243 0 163 0.91 01 MDA 194 3.99 (.98 124 165 50 0.22 4.78 0.44 0.33 5.26 049 '6.28 4.2 0.67 033 9.58 2.32 247
WL-244 0 1.35 (.4 1.0 upi 1.24 0.88 0.3 0niz 20.8 4.1 7] 1.54 0.22 013 1.58 0.26 N 1.31 0.33 33 2.02 1.29 [T
WL-2458 4] 0.71 0.27 15 MDA 150 0.93 .32 023 3.92 (.93 e 0.95 0.26 .34 ] 0.4 129 -7 MDA n65 © A 202
wL-236 0 0.73 0.28 0ty U 193 0.94 0.32 0is 2.91 (.82 0.3 1.04 0.26 737 0.91 0.34 i3 1.09 0.36 n.37 - MDA 163
BACKGROUND SURFACE SOIL ;
Barrow Pit - loess 0 1.30 0.50 049 1.15 0.89 {04 1.06 .44 .20 0.92 (.44 037 1.19 0.22 029 1.07 0.24 0,23 : MDA 775 2.40 1.30 1.37
Barrow Pit - shale 0 1.85 0.79 023 1.99 1.11 108 2,40 .93 .36 i.41 0.42 018 0,97 .2 034 1.01 0.26 .26 0.90 0.31 LET] 1.88 1.56 123
Farmer's Field 0 1.41 0.5 043 MDA .80 .11 043 .20 2.03 0.6 07 1.13 0.25 035 1.02 33 315 1.27 0.4 .35 16 218 204
McLaren-Han Shop 0 0.74 0.35 244 2 131 L32 0.5 0.3 1.68 0.59 232 0.95 0.22 n3i 0.92 0.26 731 MO 076 + MDA 179

Aldl values expressed as picoCuries per gram {pCi/g). unless otherwise noted.
* = Nuclear Regulatory Commissien's Branch Technical Position (BTP) criteria for thortum-230 and radium-226. which are esiablished a1 levels of background plus 3 pCig for surface samples and background

plus 15 pCi‘g tor subsurface samples (15 cm depth). have been selecied as reference vatues for comparison of all soii ananlviical data. Although this criteria is appropriate specifically for these rwo radionuclides.
they are conservative values for comparison of all data. 1f no background concentration is esiablished for a specific radionuclide, then a reference value of 5 pCi/g for surface samples and |5 pCi/g for subsurface
samples have been conservatively selected for comparison of 1he data.

-- = Not reporied
DUP (F} = Ficid duplicate
DUP (L) = Laboratory duplicate

MDA = Minimum Deteciable Activity

ME = Not Established
NA = Not available,

Bolded numbers indicate result reported above the minimum detectable activity (MDA
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Soil L23%decaxls 3798 -3 PM

Table B - 3 : Area I Soil Analytical Results - Uranium-235 Decay Series

Boring Depth Uranium-235/236 Uranium-235 Protactinium-231 Actinium-227 Radium-223
(feet) Result [+/- Sigmal MDA | Result L+f-§igma| MDA Result_rﬂ‘-ﬁgmal MDA | Result [+/- Sigmal MDA | Result [+/- SigmaT MDA
Site Specific Background(Mean+2 Std Dev) 1.15 NE NF. NE NE
Reference Level Concentration *
Surface Samples 6.15 5 5 5 5
Subsurface Samples 16.15 15 15 15 15
AREA1
WwL-101 3 0.13 0.12 (8 VD 072 - D 423 - MDA 77 < MDA 1143
20 < MDA 0.14 16 2D 34 - MOt N < MDAt 769 MDA »49
WL-102 5 AL 0.09 it 16 MDA 149 < MDA 179 S MDA 07 = MDA 877
15 MDA .09 MDA 083 - MDA 162 ~ At PO -~ MDA 1354
WL-103 3 0.21 017 @16 MDA 073 - MDA 152 - M o8y 2 M 963
10 0.23 Q.16 016 MDA 41 - A1DA §.5¢ “ WA {40 < DA {536
WL-104 3 -1 MDA 0.14 .18 MDA 135 - MDA 250 ~ MDA 60 < DA Tad
20 0.28 0.14 0.12 < MDA 036 < MDA 3.60 = MO 059 -~ MDA 5,49
WIL-105 10 0.55 0.24 014 395 0.73 97 26.9 7.9 10 15.0 2.6 1 16.8 6.3
30 . MDA 0.004 0.1 MDA 073 MDA 499 % MDA 1158 < MDA 9.36
WL106 0 6.86 3.99 310 75.5 8.5 87 544 61 4 305 33 ] 293 25
5 - MDA 1.95 387 2.10 0.43 142 11.1 39 59 6.3 1.29 L7} 6.67 2,90
SDUP(L) - - - -- - - - -- - - - - < MDA - 380
5DUP (P C DA 11.2 253 12.1 1.7 34 73.2 14.6 169 43.8 5.8 1 44.3 oo
23 0.24 0.12 0.07 < MDA 078 - MDA 441 < MDA 08 <MD 987
25 DUP(F) -~ D 0.09 014 ~ MDA LI ~ MDD 551 < ADA 134 MDA 1106
WL-107 5 - MDA 0.09 0. MDA 38 - MDA 181 - MDA .7} - MDA 1399
31 < D 0.0014 0.095 MDA 063 . MDA i1 - MDA 085 = MDAt 1508
S1DUP (L)Y - MDA 0.002 0.1 MDA 63 - MDA 142 MDA 1.08 < MDA 13.37
WL-108 5 -~ MDA 0.07 i3 MDD 067 < \DA 443 -2 MDA 096 < A 1363
WL-109 3 ~ Dy 0.08 0.09 < MDA tho! < MDA 1.9/ < MDA 00 < MDA 1448
30 - MDA 0.1 0.1 < MDA 077 L AfDA 435 - MDA L2 < M 922
50 DUP (L) 0.09 0.11 012 MDA 128 - MDA 6.61 < AfDA 168 < MDA 1502
WL-110 3 « MDA 0.09 0.08 MDA 0.84 L MDA 320 < MDA 1.6 < AfDA 14.87
30 MDA 0.16 0.25 MDA 0.74 < MDA 439 < MDA 123 - MDA 1036
WL-111 0 0.72 0.4] 023 ADA 0 - MDA 420 < MDA 103 © MDA .27
3 ~ MDA 0.66 149 MDA 0 ~ MDA 422 < MDA 14 ~ MDA 2148
SDUP (L) - - - - < MO 49?2 < MDA 119 < MDA 27 47
51 LY/ ¥ 0.3 033 MDA 064 -1 DA 364 < MDA 64 « VDA 20.60
51 DUP (L) - - - . <MD 174 < MDA ey 2 MDA 2132
WL-112 O 0.24 0.19 04z MDD 143 L N ids - MDA /.32 <« MDA 16.78
5 - MDA 04 N V4 it o9 < MDA 6.84 < MDA 159 < \DA 1670
42 0.53 0.84 .56 19/32] f 56 - MDA 352 = MDA 0 66 < MDA 21.75
WiL-113 3 0.60 0.38 .24 DA 023 BV Lot < MDA .32 < MDAt 3.26
5 DUP(F) ~ MD1 0.07 0w MDA vl T MDA 172 <~ MDA 047 -~ MO 2.88
10 0.27 0.22 23 - MDAt 042 MDA 2.00 < MDA a2 < MDA TA4T
WL-114 0 19.5 5.9 1! 17.6 2.1 i 156 27 i 118 14 1 113 It
3 0.82 0.63 i3 0.32 0.06 02" 1.93 0.72 109 1.2 0.23 0.2 - Mt 477
3 DUP (L) - - - - 2.42 1.05 1.33 1.07 0.25 (4 < AIDA 168
15 MDA 0.43 044 | - D 8.4 TN 1.08 AL 035 MDA 171
13 DUP (LY -- - LD L34 DA /.48 < MDA 4.4
[of2
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Table B - 3 : Area 1 Soil Analytical Results - Uranium-235 Decay Series

Boring Depth Uranium-235/236 Uranium-233 Protactinium-231 Actinium-227 Radinm-223
(feet) Result [+/- Sigma| MDA | Result |+/- Sigma] MDA | Result [+/- Sigma] MDA [ Resuli [+/- Sigma] MDA | Result | +/- Sigmal MDA
Site Specific Background(Mean+2 Sid Dev) 1.15 NE NE NE NE
Reference Level Concentration *
Surface Samples 6.15 5 5 5 5
Subsurface Samples 16.15 15 15 15 15
WL-115 5 0.47 0.31 031 < MDA 013 * MDA 083 - MDA .18 < MDA 277
40 < MDA 0.06 213 - MDA 013 2 AMDA 067 . MDA 4 < MDA 221
WL-116 0 - MDA 0.12 0.20 ~ MDA 102 A 3.37 - M)A 138 < MDA 21.59
5 < MDA 0.22 052 < MDA 0ni7 <MD 0.89 ~ MDA 0i9 < MDA 2.49
5 DUP (F) -~ MDA 0.24 0.24 « MDA 044 < MDA 226 MDA n.68 < MDA 7.64
10 < MDA 0.07 010 < MDA 013 < M 0.69 o MDA e 2 MDA 223
WL-117 10 = D 0.19 0.25 0.30 0.06 027 < ADA 145 0.79 0.24 H23 i.03 78
25 . MDA 0.13 ¢.25 - MDA 020 = MDA a0y < MDA 027 < MDA 2.93
WL-118 5 1.46 0.57 0.10 2.40 0.37 141 283 5 54 18.5 24 12 16.1 id
10 = MDA 0.18 18 0.18 0.03 015 0.90 0.65 0A2 0.4 0.11 o4 < DA 242
WL-119 5 < A 017 0.27 DA itis < MD4 0.82 < MDA nis < MDA 207
50 < MDA 0.24 0.65 < MDA 012 = MDA 0.63 < MDA 073 < MDA 174
50 DUP (L) - - - - < MDA 0.99 < MDA o3 = MDA 271
S0 DUP (TF) < MDA 0.08 031 -1 MDA 013 < MDA 07! < MDA nid < MDA 1.56
WL-120 5 0.13 0.23 024 - MDA 024 < MDA L0 - MDA 046 < MDA 3.20
50 < MDA 0.12 042 <« MDA 037 < MDA 196 < MDA 059 - MDA 5.06
50 DUP (F) < MDA 0.18 0.53 = MDA 0.25 < MDA 133 - MDA 9.4t < MDA 4
WL-121 0 a6 0.1 .19 <905 .05 ©2.78 278 <10.8 19.8
WL-i22 0 0.09 0.08 0.12 <6.32 6.32 <{.06 166 <274 274
WL-123 0 0.2 0.13 013 <802 802 <176 1,76 <36 16
WL-124 0 0.14 0.08 07 <104 it =2.69 269 <f1.2 i
BACKGROUND SURFACE SOIL
Barrow Pil - loess 0 0.41 0.29 28 < MDA 0.33 < MDA 1136 < MDA (L] < MDA 16.53
Barrow Pit - shale 0 0.91 0.57 032 MDA a56 < MDA 415 < MDA @70 < MDA 18.38
Farmer's Field 0 0.02 0.08 022 < MDA 07 < MDA 5.68 < ADA 134 < MDA 2116
McLaren/Hart Shop 0 0.21 0.2 0.19 = MDA N.73 < MDA 433 < MDA .89 - MDA 2600

All values expressed as picoCuries per gram {pCi/g). unless otherwise noted.

* = Nuclear Regulatory Commission's Branch Technical Position (BTP) criteria for thorium-230 and radium-226. which are established at levels of background plus 5 pCi/g for surface samples and background

plus 15 pCi/g for subsurface samples (15 cm depth). have been selected as reference values for comparison of ali soil ananlytical data. Although this criteria is appropriate specifically for these two radionuclides.
they are conservative values for comparison of all data. If no background concentration is established for a specific radionuclide, then a reference value of 5 pCi/g for surface samples and 15 pCi/g for subsurface
samples have been conservatively selected for comparison of the data.

-- = Not reported
DUP (F) = Field duplicate
DUP (L) = Laboratory duplicate

MDA = Minimum Detectable Activity

NE = Not Established
NA = Not available.

Bolded numbers indicate result reported above the minimum detectable activiry.
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Table B - 4 : Area 2 Soil Analytical Results - Uranium-235 Decay Series

Boring Depth Uranium-235/236 Uranium-235 Protactiniym-231 Actinium-227 Radium-223
({feet) Resnlt I+f—_Sigma| MDA | Result [+/- S_igmal MDA | Result [+/- S_ig5m| MDA | Result |+/- S_igma[ MDA | Result |+/- Sig£13| MDA
Site Specific Background(Mean+2 Std Dev) 1.15 NE NE NE NE
Reference Level Concentration *
Surface Samples 6.15 5 5 5 3
Subsurface Samples 16.15 15 15 15 15
AREA 2
Wi-X)17 5 < WA v fr22 - MDA 2" o4 1.76 < i 1436
5 DUP (L) < MDA 0,12 024 <MD .33 DA 64 - D31 747
10 C MDA 1ot 0.2s - MbA 0.6{ VDA 063 DA & 46
W1-208 5 0.16 0.15 nis ~ MDA !is MDA i - MDA 0n2s
5 DUP (L) 0.03 0.07 0i4 ~ MM 104 MDA 0.83 007 VAN T64
9 - MDA 0.3 018 MDA 677 2 ADA INE] M 7N
WL-209 0 251 79 e 263 33 33 2030 301 179 Ly L097 o8
5 72.4 12.7 it 74.8 22.9 2318 1930 243 138 22 900 T4
5 DUP (F) 115 19 o is 62.6 254 i34 1200 161 L3 s 952 43
25 - MDA 0.13 iz ~ MDA 0.84 MDA nas - MDA 536
25 DUP (F) . MDA 0.08 o f2 - DA 07 AMOA 1.06 < MDA 763
WL-210 0 497 16.3 0z 182 22 1 138 148 87 13 660 44
5 15.5 29 i g MDA 10,42 REE 59 2 9 171 it
5 DUP{F) 43.8 7.9 " i6 27.2 11.9 54 164 28 17 5 147 17
40 - UDA 0.1 0 fF ~ MDA 0.78 MDA Lo7 MDA LR
40 DUP (F) 0.25 0.7 e ~ MDA 1.50 MDA 1.73 = MDA 13.95
WEL-211 5 0.22 0.5 il ~ MDA .75 MDA 0.72 8.87 = MDA 9,08
25 = MDA 0.1 20 - Dy 079 MDA .88 < MDA 015
WL-212 5 MDA 0,12 "6 - MDD i15 MDA 138 = MDA 1242
10 - VD4 0.12 i ~ MDj 036 MDA 078 - MD4 8.6v
WL-213 0 045 0.31 R YDt .88 VDA 103 = MDA 18.42
5 -2 DA 0.0v f3 ~ D4 ng3 MPA L0f < MDA 936
25 < MDA 0.06 g DA 135 MDA 159 < MDA 1523
WL-214 5 0.81 0.33 - Id - MDY 032 < MDA .33 - MDA 7.5+
25 4 MDA 0.1 i g3 < AfD 0.89 - ADA 0.9y < MDA 9.57
WL-215 0 0.77 0.34 6o < MDA 78 < MDA 0.95 = MDA 1702
WL-216 3 -~ MDA 113 L6 - MDA 307 393 1.8 4.2 3.0 30.2 - 8.7
25 < DA 0.1 Hid < MDA .61 MDA .63 < MDA 2163
WL-217 5 < M4 0.08 4N - DA 033 MDA 082 - MD4 19.95
10 - MDA .07 {4 - MDY 0 61 MDA o7l < MDA 2033
WL-218 0 0.41 0.3 23 - MDA ) 058 VDA 067 < MDA 1484
5 - MDA 008 443 ~ MD. 084 MDA 126 < MDA 2883
40 S\DA 0,06 Nz Y 073 - VDA 0,84 < MDA 15050
WL-219 5 < MDA 11 iy, ~ MDA 780 Vi 137 = MDA 26 48
) < \DA 023 Y] DA 0.62 \DA 074 < MDA 16 44
WL-220 5 < AfDA4 oo u i -~ 4D 079 Mpa | ) o436 | -Mpd | {22 <L MDA 2437
25 < MDA V.08 S - MDA 067 VDA 789 = MDA 2406
WL-221 5 019 | 0.15 i ~ WDy 064 D 1.6 < M 1955
35 < MDA i iyl - MDY 079 \{0A 143 S MDA 2209
WL-222 0 0.69 0.46 36 VY 1.99 MDA 243 = M 1446
B MDY 0.1 e RV PPy, MDA 0.57 068 < MDA 040
30 upa 0.07 416 DY 120 MDA 740 MDA 2583
WL-223 5 = MDA 0.1 i - MDY .75 Mo | 33 ~ MDA 1ras
22 _u.-'JA' 0.13 o iy - MDA u,ori"“ M 08! = MDA 1966
wed 5 oyt 1w 1 TR WX o] SMPA L M IEETE 210
""" 33 DA 0,48 T Y | s woa | 5% Vi Slos
W-225 3 Yo A% 163 v o 73 Y 0o} woa | 23t
33 oA 0.43 i D N YT wo | | swd pocwpa | Y Y e
wL-22 | 0 0.39 0.34 e i X o 120 YT, T
i) VA 0.66 o uny ' PR Y L SV =T
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Table B - 4 : Area 2 Soil Analytical Results - Uranium-235 Decay Series

Boring Depth Uranium-235/236 Uranium-235 Protactinium-231 Actinium-227 Radium-223
(feet) Result {+/- Sigma] MDA | Result [+/- Sigma] MDA | Result {+/- Sigma] MDA | Result [+/- Sigma] MDA | Result [+/- Sigma] MDA
Site Specific Back_gfound(Meanﬂ Std Dev) 1.15 NE NE NE NE
Reference Level Concentration *
Surface Samples 6.15 5 5 5 5
Subsurface Samples 16.15 15 15 15 15
W-227 5 MDA .4 063 - MDA 2,66 - MDA 396 DA 02 " ADA {603
40 0.36 0.32 733 SDg 0,54 YY) 565 - MD4 .58 YRy isan
WL-228 3 < MDA 09 133 - MD4 it C MDA N J02 = MDA Ad 068 ~ M 1560
15 - MDA 0.51 100 < UD4 075 - MDA s 115 - MDA AA 11 Suod | Fi62
WL-229 5 < MDA 0.24 8,62 < D1 0,64 = MR NA 308 < ADA A 052 < AL 1362
50 MDA 0.26 0,52 DA 064 < MDA i 108 RV YN Y 091 MDA 1628
WL-230 5 048 0.39 0 38 <« MDA 0.63 - MDA 1,86 < MDA 092 C MDA ram |
35 1.02 0.96 i MDA 0.69 - DA N4 a5 MDA VA .97 “ DA 286
WL-231 0 0.91 0.54 038 ~ D4 N33 MO +.76 . MDA i 19 - MDA 184
5 < MDA 1.73 337 D1 0.73 RYY N4 156 1.86 0.86 n.72 “ADg 1943
10 0.68 0.48 .54 < MO 779 - DA NA 455 0.76 0.66 a7t = MDA 1734
WL-233 27 = MDA 0.56 2.32 ~ MDD L2 MDA 6.54 144 109 = M st
30 < MDA 0.95 230 <MD 064 - MDA 4.72 MDA 076 -2 MDA 16 116
WL-234 10 10.9 7.5 43 774 150 12 1050 169 64 952 108 12 821 39
10 DUP (F) 9,55 3.37 062 97.6 i1.2 7.9 160 78 40 3197 46 8 380 b
20 0.43 .31 i3 MDA .56 MDA iz ~ AfDA 13 < A 184"
20 DUP (F) « MDA 0.06 [.23 < MDY 083 - MDA 2] < MDA 1.28 M4 1816
WL-233 0 < MDA 0.13 it 49 ~ WD 0.36 < M 369 < MDA 070 . MDA 1728
5 * MDA 0.36 392 < MDA 163 = MDA 884 < MDA 228 < MDY 2914
30 < MDA .16 .30 ~ MDY 084 < MDA N4 488 < MDA Ad 120 "L MDA 1587
WL-236 5 < MDA 0.00 0is MDD 072 - MDA 494 > MDA 107 < MDA i4319
35 - MDA 0.86 i47 Vo ne6e - MDA 394 < MDA 0.96 = M FENE
WL-239 5 0.35 0.24 “ 10 ~ MY n35 -~ MDA : 187 <~ MDA .56 = MDA 149
25 T MDA .42 166 Mb N3 - b4 INE - MDA 035 = MDA 365
WL-241 3 023 | 020 .23 ~ MDy .38 4.09 1.06 178 4.22 0.53 .33 « MDA 3535
5 < MDA 0.1 020 VDA 223 ~ MDA 115 « MDA 0.38 = MDA 342
WL-242 0 0.4 0.22 016 - - - DA sk < MDA £24 - MDA 372 |
2 0.56 0.28 s -- - - MDA 923 « MDA 2.36 = MDA 5237
WL-243 0 0.58 0.31 NI -- 5.22 2.32 103 3.58 0.88 082 <« MDA 2540
WwL-244 0 0.09 0.1 {4 -- - < MDA 437 0.81 0.45 073 + MDA 26.64
WL-243 0 0.13 0.13 28 - - L MDA 4.83 ~ MDY 132 < MDA 3042
WL-246 O 0.1 013 s -- - = MDA 4.3 < MDA 0.91 < MDA 2498
BACKGROUND SURFACE SOIL
Barrow Pit - loess 0 0.41 0.29 .38 < MDA 055 < MDA 335 = AIDA R < MDA 16,33
Barrow Pit - shale 0 091 0.57 012 ~ MDA .56 - MDA 415 < MDA 070 < MDA 15.38
Farmer's Field 0 0.02 0.08 "o - VD3 077 DY 368  ADA 134 < M 2116
Mclaren/Han Shop 0 0.21 0.2 .19 ~ D # 73 - DA 433 - AtDA £.59 - MDA 20060

All values expressed as picoCuries per gram (pCi/g). unless otherwise noted.
* = Nuclear Regulatory Commission’s Branch Technical Position (BTP) criteria for thorium-230 and radium-226. which are established at levels of background plus 5 pCi/g for surface samples and background

plus 15 pCi’g tor subsurface samples (15 cm depth). have been selected as refercnce values for comparison of all soil ananlytical data. Althovgh this criteria is appropriate specifically lor these two radionuclides.
they are conservative values for comparison of all data. [ no backeround concentration is established for a specific radionuclide. then a reference value of 5 pCi/g for surtace samples and 15 pCi/e for subsurface
samples have been conservatively selecied for comparison of the dara.

-- = Not reported

DUP ¢F) = Field duplicate

DUP (L) = Laberatory duplicaie
MDA = Minimum Deteciable Activin
NE = Not Established

NA = Not available.

Bolded numbers indicale resuli reported aboy e the minimum detectable activiry,
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Table B - 5: Area 1 Soil Analytical Results - Thorium-232 Decay Series

Boring Depth Thorium-232 Radium-228 Thorium-228 Radium-224 Lead-212 . Bismuth-212 Thallium 2038
(feet) Result [+/- Sigma| MDA { Result | +/- Sigma] MDA | Result | +/- Sigma| MDA | Result [ +/- Sigma] MDA | Result | +/- Sigma| MDA i Result [ +/- Sigma| MDA | Result | +/-Sigma| MDA
Site Specific Background(Mean+2 Std Dev) 1.55 2.37 1,33 NE 1.26 ] NE 0.71
Reference Level Concentration ¢
Surface Samples 6.55 737 0.33 5 7.26 § 5.71
Subsurface Samples 16.55 17.37 16.33 15 17.26 15 15.71
AREA ]
WL-101 5 0.89 oz MDA 0nos 1.25 thid <MD 352 1.62 0.17 0y < M 129 0.26 0.14 B
20 1.45 0.53 a1y MDA 108 1.13 0.48 7" h 2 2.86 .81 213 0.98 0.17 19 . MDA 163 0.31 0.17 043
WL-102 3 0.90 0.38 IFE AfD4 n.99 1.05 0.43 "1k 3.00 2 2.02 0.97 015 o0 - MDY 133 - MDA TS
""" is 1.64 | 0.56 0o b s 0.83 040" "nss MDA 149 i.04 0.26 ST Y s YN 04
WL-l03 5 0.78 0.36 N MD1 1i9 1.12 0.46 TR - MDA 4,50 0.96 0.21 623 = MDA .3y < AR o3l
""" 10 0.77 0y MDA 26 0.30 i i o MDA 375 0.56 0.3t [TEE] o2 MDA 2,43 MDA 1) 36
WL-104 5 0.94 0.41 ] < D1 .84 1.07 0.44 i2? ~ MDA 129 0.61 0.15 0o < MO 1.26 0.27 0.11 s
20 0.77 0.35 44 ~ MDA g2 0.68 0.34 34 - MDA 277 0.81 0.16 w2 N < M 1.65 0.23 0.15 6
WL-105 10 4.34 2.62 136 MDA IRT] - MDA 075 274 - MDA 175 < MDA 073 2 MDA 282 - MDA 39
30 1.04 0.42 s MDA 518 1.02 0.44 041 < MDA 4.68 1.18 0.22 01y < AtDA { 66 0.36 0.15 ffe
WL-106 0 352 02 =2 \fDA 386 = DA TRy 1760 219 24 < MDA 2.90 < MDA in.zn - MDA 132
5 321 2 1.42 107 0.29 218 =MD 7.30 0.77 0.30 o4 = MDA 1oy 0.42 0.21 027
3 DUP (F) 4.71 b2 < MDA 2.6% 0.39 0! <~ MDA 2049 1 = MDA Li7 4.50 161 116 < MDA 063
25 0.56 ° g - MDA I8 0.55 7 < MDA 118 1.01 0.20 oy ; < MDA Lot - MDA 0.2
25 DUP (F) 047 1,49 < MDA 116 0.5 43 L MDA 513 0.68 0.35 417§ MDA 162 0.33 0.16 0N
WL-107 5 0.89 0.34 41,169 0.91 0.38 ¢.68 0.5 0.24 N 18 2.26 2.09 242 1.06 0.18 a19 |k <MD 167 0.37 0.15 0id
51 0.14 0.2 “ig < Dy .98 0.36 0.21 019 234 1.81 182 0.64 0.1% 017 ~ MDA 1.84 0.24 0.13 n2
51 DUP (L) 0.22 0.17 "3 ~ MDA Lt 0.17 0.i6 02 = MDA 394 0.68 0.18 023 < MDA 174 0.24 0.13 020
WwL-108 5 0.79 0.32 VA - A 1.34 0.83 0.34 016 3.32 2.33 2.50 (.88 0.24 N2 < MDd 134 0.35 0.19 23
WL-109 5 6.21 0.16 ! 1.18 0.4 0.62 0.25 0.18 015 KN E] 2.05 220 1.0 0.2 0o < MDA 182 0.28 0.16 0
50 0.58 0.25 42t 1.36 0.48 "7} 0.72 0.28 7 = MDA 2,34 1.0 0.2 02 < MDA 147 0.28 0.17 0t
30 DUP (L) 113 a2 - MDA 151 0.83 il = MDA 587 0.7 0.4 (40 < MDA 229 < MDA 039
WL-110 5 0.37 0.25 Nz MO {27 - Ay nf3 23 378 2.34 2,29 I.1 0.23 f1.20 1.90 .76 {44 0.35 021 02t
50 0.87 0.28 g MDA 102 0.75 0.26 0§ 329 2.92 2.4 0.81 0.22 020 f MDA 147 - MDA 02}
WL-I1t 0 0.68 0.36 v 2 -~ MDA 1035 0.41 028 i.30 -~ MDA 443 0.97 0,24 022 < MDA /.88 0.33 0.14 oy
5 < MDA 039 ] (D4 1o < DA 0.39 ‘0T < MDA 226 i.10 0.27 on < MDA 174 0.33 0.19 013
5 DUP (LY -- - AfDA 136 - - < AfDA 438 0,74 0.27 725 < MDA i 54 0.31 0.20 a2
51 < MDA 049 15y MDA L0 < MDA 049 ne? < MDA 7 0.28 .16 a2z < MDA iof < MDA 024
51 DUP (L) - . - MDA i0f iem - < MDA 3.57 0.53 0.20 0zl < MDA 139 < MDA N2
WL-112 0 0.84 0.34 "ig < MDA 118 0.89 0.36 i[9 2.95 1.97 26! 1.36 0.26 n.23 < MDA 141 0.34 0.18 0,10
5 < MDA 03! i 6 BT/ ¥ 120 1.55 1.48 148 < MDA 616 1.08 0.34 N | < MDA 2.2 0.43 0.27 N3
42 0.68 0.37 43 1.31 0.44 058 - AfDA .38 138 2.24 1.65 2.4 0.70 0.20 019 < MDA 173 0.38 0.16 .16
WL-113 5 0.19 . 0.1l g 1.06 0.14 .43 0.21 0.12 11! 349 0.9 138 1.04 0.14 0.05 0.80 0.25 027 0.36 0.06 s 14
5 DUP (F) 0.15 . 0.11 ang 0.98 0.13 0.43 < DA .08 014 2.86 0.6 0.48 1.00 0.12 004 1.06 0.31 023 0.31 0.05 003
0 0.08 0.07 .08 0.98 037 0.24 0.13 0.09 al - ADA 215 0.82 0.15 ain | 0.90 0.50 .59 0.29 0.08 n 06
WL-114 0 18.1 4.6 08 . MDA 2.0 1.96 1.14 297 - MDA 12,42 MDA ! 83 < MDA J.on 0.79 0.83 nSi
5 -2 MDA 022 26 0.39 0.12 o1é 0.33 0.25 .26 6.15 1.05 0.68 0.43 0.08 nns b o< MDA 0.35 0.16 0.05 i
5 DUP (L) - . 0.46 0.12 813 - - _5.59 | 0.08 0.48 0.09 007 0.35 0.22 0.27 0.16 0.05 o.04
15 « MDA oL 02 1.04 0.15 0.7+ 0.35 0.25 "2 314 0.92 065 0.99 0.13 16 0.84 0.35 0.30 0.35 0.05 .04
15 DUP (L) ~ - 1.08 0.17 045 - - 2.71 0.89 077 1.01 0.13 ty7 < MDA 139 0.35 0.06 0,64
WL-115 .3 0.21 0.13 ol 0.93 0.13 02 0.32 0.16 hid 3.02 0.76 " 30 0.81 0.11 .04 0.50 0.31 .27 0.29 0.29 i1
40 .37 005 69 0.69 0.1 nin 0.1% 6.2 i3 i.80 0.35 0042 070 0.07 i 0.37 .33 20 0.9 17019 0.03
WL-116 .0 0.52 0.34 " 46 2 MO Li9 0.54 0.33 i 3y 2 MDA 522 0.73 0.38 a3l < MDA 154 0.35 0.18 L3
5 0.3%§ 014 1 0.94 0.13 i 14 .39 0.8 0o 2,93 0.67 {32 0.89 0.11 s 0.64 0.33 ®.29 0.3 0.06 i
LL3DUP (R 0.21 0.13 a7 1.0 0.2 n23 0.33 017 | a2 < A 2.26 1.02 0.7 019 0.89 0.59 .61 0.37 0.09 0.07
10" 0.33 Nk ot .96 e Py 0,58 016 T X S Y 41t 0.71 0.09 01 0.44 0.19 0 0.24 0.04 a3
WL-117 10 1 0.35 N 064 (.14 fr 16 0.47 0.22 I 6.48 1.12 n7l 0.58 0.09 .16 < MDA g4 | 0.16 0.05 o604
25 0.2 0.4 0z 0.64 0.2 7o .39 0.2 015 .92 0.71 0.5 .59 .09 n 63 0.64 0.25 527 0.18 0.03 063
wL-reg 5 10.3 35 HER MDA nrl \DA 4| 1.y 39.1 6.3 K A4 33 - MDA (331 DA 5
{4 .33 035 e 0.49 0.09 Iz .34 .33 T3 0.47 0.53 0 .49 0.07 01 .39 0.23 023 0.17 0.04 003
we-ryee o 3 0.26 0.17 e 0.73 0.12 il 0.3 019 | w2 2.68 .75 s 0.79 i g = MDA 034 .29 0.05 e
50 YY) 7 f”, """ 0.41 0.007 T ) VDA i - u| - Wi 2 Y (} 45 0w id 0.51 0.05 1 0.42 0.2 i 0.15 0.03 Nz
50 DUP (L)Y . 0.44 0.1 542 ; 1.83 0.72 03 0.49 0.07 i o MO 025 0.13 0.04 g
30 DUP (F) 0.1 0.08 ety 0.50 .10 LNE 015 0.1 1 ehiy 1.66 0.57 134 0.47 0.06 g 0.33 0.29 23 6.17 .04 6,03
Soil Th232dea als 3 748 a1 'y lof2




Table B - 5 : Area | Soil Analytical Results - Thorium-232 Decay Series

Boring Depth Thorium-232 Radium-228 Thorium-2:8 Radium-224 Lead-212 . Bismuth-212 Thallium 208
(feet) Result | +/- Sigma] MDA | Result |+/- Sigma] MDA | Result | +/- Sigma]| MDA | Result | +/- Sigma| MDA | Result [ +/- Sigma] MDA | Result [ +/- Sigma| MDA | Result | +- Sigma| MDA
Site Specific Background(Mean+2 Std Dev) .55 2.37 .33 NE 2.26 NE 0.71
Reference Level Concentration .
Surtace Samples 6.53 7.37 6.33 5 7.26 5 5N
Subsurface Samples 16.55 17.37 16.33 15 17.26 S 15 15.71
WE-120 5 0.14 . 0.09 nag 1.08 0.15 0 is 0.26 0.12 0 KN T 0.95 .63 1.01 0.14 46 .88 037 i < AR i
50 0.23 0.6 01 0.91 0.21 0.2 DA ais 'y SAIDA 1.96 .12 0.3 ans . MDA .64 0.32 007 b
50 DUP (F) 0.25 0.15 nis 1,04 0.18 07 0.26 0.15 i3 3.07 0.94 067 1.00 0.14 an6 . L 075 0.32 739 0.33 0.06 irs
WL-121 0 087 | 023 .09 o dd 214 1.2 0.29 17 1.1 0.9 146 Py 594 6,53 153
Wl-122 0 1.02 0.26 oi =i 69 169 1.11 0.28 408 1.19 0.37 826§ in3.64 5.64 0.39 .23 v
WL-123 0 1.06 0.27 a3 -~ 1.82 1.82 0.88 0.24 012 0.81 0.45 049 584 344 .51 Hil
WE-124 0 1.16 0.3 X «§79 179 LI7 0.31 ni2 i) 95 193 <3548 348 SRR 0.5}
BACKGROUND SURFACE SOIL _
Barrow Pit - loess 1] 0.75 0.38 n2 1.39 0.4 11,64 .58 0.34 33 < MDA 200 1.33 0.21] a8 < MDA Lot 0.38 0.16 06
Barrow Pit - shale 0 1.26 0.39 .14 1.90 0.47 0.64 1.16 0.37 41l - MD4 3.54 1.94 0.29 23 2 MDA ! 61 .63 0.21 N
Farmer's Field 0 1.05 0.38 Y < MDA I 0.56 0.26 0,20 « MDA 5.03 0.80 0.31 716§ <MD ENE 0.32 0.16 27
McLaren/Hart Shop 0 0.52 0.29 018 < AfD.A 124 0.43 0.27 .24 - MDA 383 1.09 0.26 n2 < MDA 175 .41 0.46 e

All values expressed as picoCuries per gram (pCi/g). unless otherwise noted.
* = Nuclear Regulatory Commission's Branch Technical Position (BTP) criteria for thorium-230 and radium-226. which are established at levels of background plus 5 pCi/g for surface samples and background

plus 15 pCi/g for subsurface samples (15 cm depth). have been selected as reference values for comparison of all soil ananlytical data. Although this criteria is appropriate specifically for these two radionuclides.
they are conservative values for comparison of all data. H no background concentration is established for a specific radionuclide. then a reference vatue of 5 pCi/g for surface samples and 135 pCifg for subsurface
samples have been conservatively selected for comparison of the data.

-- = Not reported
DUP (F) = Field duplicate

DUP (L) = Laboratory duplicate

MDA = AMinimum Detectable Activity

NE = Not established
NA = Nort avatlable.

Bolded numbers indicate result reported above minimum detectable activity
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Table B - 6 : Area 2 Soil Analytical Results - Thorium-232 Decay Series

Boring Depth Thorium-232 Radium-228 Thorium-228 Radium-224 Lead-212 Bismuth-212 Thallium 208
{feet) Result [+/- Sigma| MDA | Result | +/- Sigma| MDA | Result [+/- Sigma| MDA | Result [+/- Sigmal MDA ] Result [+/- Sigma] MDA | Resutt [+/- Sigmal MDA | Result [+/- Sigma] MDA
Site Specific BackgroundiMean+2 Std Dev) 1.55 2,37 1.33 NE 2.26 NE 0.71
Reference Level Concentration
Surface Samples 6.55 .3 6.33 5 7.26 5 571
Subsurface Samples 16.55 17.37 16.33 15 17.26 15 15.71
AREA 2
Wl-207 5 1.42 0.75 .39 MDA 159 AN 32 N7z U e 1.77 048 036 S A 2.56 ~ M 032
5 DUP(L) 1.92 1.16 59 ikt n9: < MDA .6 144 2.90 .77 103 1.06& 0.17 nis V| ) L4 .3 0.16 0
10 1.37 1.22 ris - MDA 10 A .09 .96 3.11 258 194 1.11 0.16 0} woa | 1id . M .25
W-208 3 1.43 0.42 no8 0.68 0.46 06 0.96 032 018 C M sis .48 0.26 25 SRY1IN] 1.2} <M ek
3 DUP(L)Y 0.82 0.32 NE MDA 03 0.7 0.3 0.24 - MDA 477 0.84 0.25 02y - M 175 0.38 0.18 022
9 0.36 0.16 507 VDA 074 0.36 0.17 a1 | 308 336 32 0.63 0.2 020 Yy ) 0.22 0.13 N
WL-209 0 127 23 0.9 MDA M3 497 1.04 N 6580 1090 25 Lt 1380 - MDA 413 36 - M 37
5 138 60 122 - MDA 16.34 © MDA in 401 At 33y Mt 5,56 - M 3. < ML 428
5 DUP{F) 180 65 20.2 16,7 9.3 1.3 - MDA EEy 617 BRTTN 2 ~ AfDA 183 AR 20648 4.27 1.71 233
25 0.71 0.27 0.63 R T3 092 0.38 0.2t n2s < MDA 179 0.52 0.23 023 Tvos | £ 0.22 0.12 0rs
25 Duph | AP 53 084 D4 nEs < MDA 061 1.26 2.68 227 226 0.52 0.18 .20 . AfDA 115 0.1% 0.19 2
W-210 O 50.2 232 i7.5 ~ MDA 935 < MM 8.6 i35 1330 628 10 A 40 < Midd {7.29 A0 234
5 106 19 006 Mt 672 .88 0.78 on MDA 32 . MDA 364 < MDA 1276 < MDA i.78
SDUP(F) 120 2] ans MDA 4.66 4.59 0.91 0.5 W 3613 2.49 0.94 1.35 < AfDA 793 1.13 0.78 106
40 0.37 0.17 6,08 MO 083 .65 0,24 016 J.00 1.85 X142 0.6l 0.16 nio ~ MDA i1 - MDA nis
40 DUP (F) 0.52 0.28 0o MDA 145 0.40 0.18 it < A 584 0.43 0.43 41 1 MDA 227 MDA 0.0
WL-211 5 1.38 0.33 0.85 DA INE (.66 0.21 .08 < YDA 549 0.9% 0.25 n23 < MDA 173 - A N2
25 0.32 0.16 0.08 [F/2X] .83 0.29 0.17 2 - MDA 13! < AfDA 034 < MDA 147 AP 0
WL-212 3 0.29 0.1 0.n8 Vi 516 0.33 0.16 014 1.26 3.l4 387 - MD. 0.46 - MDA 2.19 - A0 0,37
10 0.9 0.29 nt3 DA .90 0.55 0.22 0§z 366 1.73 23 0.47 0.16 024 ~ MDA 1.60 LMD 1116
WL-213 1] 1.1 041 020 MDA 0.9 0.79 0.34 022 - MDA L9 T MDA ni - MDA L34 - MDA 1,22
3 0.89 0.3 013 MDA .92 0.67 0.25 nis < MDA ERE| 0.63 0.25 27 - MDA i48 < MDA i 65
25 0.52 .21 nn" MDA 149 .64 0.24 0§ < MM 823 -+ At Y < MDA 276 0.37 0.22 0.29
WL-2(4 3 .41 0.2 ni4 MDA n&t 0.5 0.23 0.2 -« ADA 231 0.62 0.16 021 - MDA .34 0.24 0.12 0z
33 "0.36 0.19 0.1° DA 0.89 0.48 0.24 02 MDA 23 0.80 0.3 022 < AfDd 1.37 032 0.16 418
WL-213 0 0.31 0.15 nor MDD .73 0.27 0.14 ni2 3.04 223 2418 0.41 (.18 024 < MDA 137 L MDA 72!
WL-216 5 3.05 145 .81 MBI 20 < MDA 045 L4 < MDA 1828 MO 107 < MDA 126 < ADA 0.55
25 1.17 0.39 0 1.62 0.44 3f 0.92 0.34 iLif < MDA 2.08 0.81 0.21 09 . MDA f.34 0.42 0.18 n.18
WL-217 5 MDA 0 003 0.085 DA .81 % My 04 0fs MDa 2.83 < MDA 023 ~ MDA 126 AR 019
10 .72 0.31 a4t MDA i.04 0.84 (.34 018 2.57 229 I 94 1.05 0.i9 047 - MDA 1.36 032 0.15 016
WL-218 0 0.77 0.32 007 0.82 0.38 066 0.72 0.31 o1t <UD 2.64 0.75 0.18 01 - AIDA 1.57 0.36 0.13 fis
3 0.67 0.3 n42 101 0.48 0.70 0.82 0.34 019 ~ MDA 39 0.57 0.28 034 « MDA 179 < MO 017
40 0.58 0.25 a.0¢ < YD 116 0.86 (.32 0.4 ] 373 1.20 0.22 0.22 - MDA 185 - MDA n.2y
WL-219 5 1.12 042 Xr 1.17 0.59 0,77 0.98 (.38 044 ~ M3 276 1.09 0.24 024 < MDA 1.84 0.42 0.2) n.2¢
10 0.44 0.2 noz? MDA 104 0.37 0.18 013 ~ MDA ERE| 0.55 0.18 0,18 « MDA 179 < MDA 0.27
WL.220 5 0.69 0.27 0,40 MDA 122 0.51 0.24 .26 < MDA 447 0.56 0.2 ni3 < MDA 179 < A 028
25 0.22 0.t16 04 1.28 (.38 .56 0.18 0.15 018 - A 372 0.92 0.22 n24 < MDA 139 0.44 0.21 17
WL-221 3 0.7 0.28 0.24 MDA i 0.58 025 n22 COMPY 254 0.76 0.19 022 < At 1.6 MDA n28
35 0.63 (.27 614 - MDA 1.69 0.41 (.22 013 A Qi3 0.59 (.33 n24 < MDA 1.85 0.21 0.19 013
WL-222 0 1.31 0.40 02 : MDA 175 0.97 0.32 416 < M §22 MDA nij - MDA 291 MDA 0.45
3 1.3 0.38 a2 0.83 0.44 4.0 0.89 0.3 012 4.7 1.95 s 0.78 0.2 808 < MDA 173 YW 8.6
30 1.0 0.3 015 DA 137 0.78 0.29 a2 MDA 5o D1 848 < ADA 2.39 < MDA .39
WL-223 3 0.64 0.3 IYE Mt 114 0.36 022 01y Al 137 0.83 0.28 03] MDA 164 0.31 0.19 022
55 9.18 0.13 Nt BRT7Y; N.65 MDA i} 1% MO 107 0.61 0.17 6,22 - MDA .82 0.31 0.15 0,14
WL.224 3 MDA 49 1.9} 123 0.47 .67 = MDA 0.65 £37 1 upd 216 1.17 0.23 1y 1.86 128 181 0.35 0.19 023
35 [y ) fre: .19 0.41 .90 Yy 443 nye 2.21 (74 173 0.95 0.3 1o < MDA 193 0.49 0.33 .76
WL-223 L3 1.76 1.07 762 MO FE C MDA 0,42 84 2.84 20 2 1.06 0.23 020 - MDA 2.19 0.50 0.16 .19
T35 .33 017 16 i 150 0.38 7779 017 | un i 0.49 0.1 PRI YY) Yin 0.29 0.4 0.76
WL-226 10 : MDA i) 33 0.95 0.46 052 CAIDY s iz - A ] 182 1.)8 0.27 0n.3zr MDA 1.85 0.30 0.21 0.4
TR VDA 055 .83 Y IR YR Y R REE D PEII PRI EYTEN REYTY .25
WL-227 3 MO 32 L BS3 1,35 0.43 Nt 5ok 64 nss 1 348 1.66 2 1.03 0.2 423 F o4 | 176 0.23 0.1} 18
A [y W51 i3 Y a8 D s ] P Vi T 50 0.67 0.16 018 S D T S 0.19 0.17 1
WL-228 3 DA 0,34 sy 1.29 EY] s SRR 05y L4 3.64 .08 23 0.8 0.18 "y <MD EE 0.38 0.20 iz
A 0.62 0.39° 037 A INE 1.01 034 063 N 703 0.8 031 | ae VDt TR b 019
WL-229 3 vA7 1097 e Iy 124 1.5 0.80 oy 1 3.30 187 RN .16 0.20 aor | oot | 139 0.45 031 | 015
R B Y nig ] wev | VLY N Y A 7 Y a7y .54 0.1% v wps | T 7 N i3l
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Table B - 6 : Area 2 Soil Analytical Results - Thorium-232 Decav Series

Boring Depth Thorium-232 Radium-228 Thorium-228 Radium-224 Lead-212 Bismuth-212 Thallium 208
(feet) Result [+/- Sigma] MDA | Result l+£»jgmg| MDA | Result |+/- Sigma] MDA | Result |+/- Sigma| MDA | Result [+~ Sigmaj MDA | Result { +/- Sigma] MDA { Result [+/- Sigma| MDA
Site Specific Background(Mean+2 Std Dev) 1.55 2,37 1.33 NE 2.26 NE 0.71
Reference Level Concentration
Surface Samples 6.55 7.37 6.33 5 7.26 5 5.71
Subsurface Samples 16.55 17.37 16.33 15 17.26 i5 15.71
WL-230 b] <~ MDA .63 .87 S MDA {16 = M @52 1.29 MDA in 0.38 0.2] aig - A 200 0.31 0.18 “19
35 = \iDA .29 .75 BT 0859 - MDA 0,42 [N YY) N 0.49 0.16 823 ~ AT 173 AR 0.23
WL-231 1] - ADA 0! 0y Vi 092 - M i 0 s 2.2l 221 232 0.35 02 @00 -~ MDD 1.26 <A i 16
5 .11 0.85 n&s R T7Y a2 - Al 043 126 < A 195 0.70 0.20 6.9 < AP ' " 16 DA 38
10 - MDA .28 037 = A 073 < MDA .40 199 2.23 1.77 2.2/ 0.42 0.16 i1 v M .48 < MO 0
WL-233 27 1.19 0.83 .56 ML 11 - MDA 43 .02 7.35 3.04 342 - MDA 237 5 MDA /.80 - MDA 0,24
30 0.82 0.64 049 - MDA Las - MDA ned 103 KT Fit 0.39 0.16 an Y5y, 164 Y 2.23
WL-234 10 = MDA {73 240 14.5 1.9 i3 - MDA 43 196 AR 3747 10.8 2.7 32 <MD 15.63 3.0 1.79 206
10 DUP (F) < MDA 5486 937 WL .62 = MDA 26 132 Vi 36.24 = MDA 219 MDA 182 | - D !5t
20 0.67 0.23 0.07 - MDA 125 0.65 0.23 a2 MDA 156 0.75 0.26 024 7Y 194 0.25 0.22 022
20 DUP (F) 0.85 Q.43 0.38 - 4D 121 0,75 0.41 0.38 < MDA iy 1.04 (.22 n.21 < MDA 189 0.25 0.18 024
WL-233 0 1.03 0.31 0,18 119 (.45 .56 0.60 0.22 Nyl 340 .81 202 1.09 0.18 04y - MDA .76 0.46 0.18 016
3 < MDA 0.38 083 MDA .58 1.2 0.86 0.94 MD.1 7.20 1.10 0.57 04f 2 MDA 2w .60 0.28 0,28
0 VD 028 094 . ADA 93 < MDA 047 0.87 3. 2.70 238 0.75 0.24 0.2} < AFDA _ 1.68 - A .28
WL-236 3 MO 46 0,69 BRI Y] .00 1.25 0.58 .36 3.84 2.28 237 1.10 0.20 6,23 1.70 1.16 157 0.45 .16 aiv
35 - MDA n63 102 - MDA 123 < MDA 39 073 2 MDA 404 0.95 0.24 027 = MDA 1.84 0.29 0.25 iz
WL-239 3 0.26 0.3 007 1.13 0,19 017 0.23 0.13 042 (§/3E] 1.80 1.11 0.17 nne - MDA n35 031 0.07 .06
25 0.3 0.17 [ XL 0.72 0.t3 0.12 0.17 0.13 0is 2.48 0.67 067 0.67 0.10 .06 0.67 031 027 0.18 0.04 401
WL-241 5 3.84 0.9 0.03 - MDA 024 0.39 0.2 023 - MDA PR < MDA 1158 < MDA 42 0.28 0.06 @06
15 0.18 011 08 0.96 0.16 016 0.1% 0.1 008 3.61 1 0066 1.00 0.13 0,06 ~. MDA 4l 0.35 0.06 .04
WL-242 } < AfDA .34 -~ DA 07 - MDA {145 L1 DR 4.25 © MDA 0.28 < MDA 163 L MDA 2
2 - VDA .33 073 . MDA 157 < MDA 03 119 < M T62 0.51 0.43 054 < ML 173 © MDA 043
WL-243 0 6.7} 1.36 045 1.13 0.54 .84 1.1} 0.35 015 < MDA 433 1.04 0.25 222 < MDA 1.80 .46 0.18 ©is
WL-244 0 .78 0.68 )63 - MDA 1.05 <= MDA .74 123 M 224 0.86 0.21 "2 A 143 0.23 0.16 07
WL-243 ] 0.38 0.2 0 - DA 120 0.58 (.26 .16 MDA 3.06 1.18 .38 023 MDA 211 0.5 0.2 21
WL-216 0 8.6} 031 0.13 - MDA 107 0.62 Q.31 &2 < MDA 250 1.05 0.22 N = A4 185 0.34 0.17 02
BACKGROUND SURFACE S0IL
Barrow Pit - loess 0 .75 0.38 n22 1.39 0.4 064 0.58 0.34 33 < DA 299 1.33 0.21 n.15 « MDA 174 0.38 0.16 0,16
Barrow Pit - shale 0 1.26 0.39 014 1.90 047 .64 1.16 0.37 [YE - MDA 3.54 1.94 0.29 n23 < MDA 16} 0.63 0.21 018
Farmer's Field 0 1.05 038 01 < A XL 0.56 0.26 .20 MLt 303 0.80 Q.31 9,36 < M 217 0.32 0.16 0.22
McLaren/Han Shop {} 0.52 0.29 o.18 - DA 124 0.43 0.27 024 VDA 3.83 1.09 0.26 0.2/ - MDA 175 0.41 0.16 018

All vatues expressed as picoCuries per gram (pCi/g). unless otherwise noted.
* = Nuclear Regularory Commission's Branch Technical Position (BTP} criteria for thorium-230 and radium-226. which are esiablished ai levels of background pius 3 pCifg for surface samples and background

plus |3 pCifg for subsurface samples (§5 cm depth). have been selected as reference values for comparison of all soil ananlytical daia. Although this criteria is appropriate specifically for these two radionuclides.
they are consenvative values for comparison of all data. [ no background concentration is established for a specific radionuclide. then a reference value ol 3 pCifg tor surface samples and 15 pCifg lor subsurface
samples have been conservatively selected for comparison of the data.

-- = Not reponed
DUP (F} = Field duplicate

DUP (L} = Laboratory duplicale

MDA = Minimum Detectable Activity

NE = Not established
NA = Not availabie.

Bolded numbers indicate result reported above minimum detectable activin
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Table B -7 : Ford Property Soil Analytical Results - U-238 Decay Series

Boring Depth Uraniom-238 Uranium-234 Thorium-230 Radium-226 Lead-214 BRismuth-214 Lead-210
((eet) Result [+ Sigma] MDA | Result [+ Sigma] MDA | Result |+/-Sigma] MDA | Result [+/-Sigma] MDA | Result ]+/- Sigma] MDA | Result |+/- Sigma] MDA | Result |+/-Sigma] MDA
Site Specific Background(Mean+2 Std Dev) 2.24 2.73 245 1.30 1.13 1.61 .77
Reference Level Concentration
Surface Samples 7.24 7.73 7.45 6.3 6.13 6.61 8.77
Subsurface Samples 17.24 17.73 17.45 16.3 16.13 16.61 18.77
FPY 03 0.25 0.81 0.21 .69 0.73 0.19 668 2.8 28 [ 72 723 U9 19y kr2s L25 1460 1440
FPY1 Q-3 0.25 0.8 0.19 fi.éi6 0.84 0.2 na 1.39 0.33 Ut kAL 398 463 1.68 0.55 ther 400 ! Vg d? 147
FP1 12-24 2 0.75 0.19 .06 0.69 0.18 i 1.16 0.29 i X L 013 0.1 .36 INT fi4 LIS IN3
FP2 0-3 0.23 1.17 0.26 a9 L.08 0.24 07 192 0.63 1 4,28 625 0.75 0.65 .55 <127 127 4,96 403 s
FP212-24 2 0,94 0.24 i 0.78 0.2} 04 1.24 0.31 i 7.99 4.85 £94 .32 [ <429 10 - 3.6 2 héh
FP3 0-3 0.25 0.79 2 .03 0.69 0.18 47 1.26 0.3 il -0.03 623 i)y 5y ST, [T 30 IR
FP3 12-24 2 2.62 0.51 .07 1.94 0.4 rH 1,26 0.3 whT 4 M 1.03 0.4 03 - 4.0 int L] 140
FP10-3 (.25 0.96 0.23 703 1.01 0.23 104 2.61 0.57 oz 9.06 3.81 362 1 .69 0.6r 0 L2 435 3.5 2y
FPd4 12.24 2 0.84 0.21 .06 0.71 0.19 1 006 2.2 0.49 [k 558 J iR 1.t3 051 053 <J.28 128 397 3.27 B
FPs Q-3 0.25 1.05 0.23 2 0.84 0.2 .03 28.6 32 i 4.08 kN Loy 1.54 042 ] - 65 63 RIS Nt
FP312-24 2 1.2 033 .09 1.11 0.32 08 5.3 1.03 e 6.1 6.04 1.07 044 .56 A 1058 4.62 2.82 EE
FP& 0-3 0.25 0.91 0.21 406 0.73 0.18 307 1.2 0.29 1106 550 559 0.82 0.42 049 <125 128 ~ 27N 2w
FP6 12-24 2 1.07 0.25 005 0.86 0.21 .04 1.8 0.39 nns -3 13 ] <92 EN =0.9¢ 96 =373 373
FP?7 0-3 0.25 0.82 0.25 007 .88 0.26 066 2.08 0.43 ons 172 2.89 J4y 0.85 0.45 044 <186 89 N ¥R
FP7 12-24 2 o.M 0.26 a.i] 0.65 0.25 L¥E] 1.51 0.32 403 - 663 863 1.12 0.5 046 <) 95 95 398 1oy
FP8 0-3 .25 0.81 0.25 008 095 0.28 066 21.3 33 nny <22 ixn 1.49 0.54 043 <} 15 INE) 4.9 262 27
FP§ |-2 2 1.3 0.42 6,24 0.93 0.34 02 2.04 Q.42 0082 =5 78 5.78 1.59 .32 156 f3r 137 .81 3.22 3.8
WL-201 § 1.19 0.4 nis = At 1,30 1.06 0.31 NE] 1.06 0.22 o34 1.21 0.25 n 2 0.95 0.33 03f 218 1.67 147
15 0.31 0.18 iz < MDA 235 0.63 0.23 01} 0.47 0.16 24 0.53 0.19 0,28 < MDA 047 - MDA 269
WL-202 5 0.88 0.37 [ 1.27 0.77 162 0.83 0.29 i} 0.75 0.41 054 0.78 0.57 .49 NE NE NE MDA 46,8
3 DUP (L} 0.60 0.28 14 MDA 1.02 0.53 0.20 iy 0.94 0.18 .35 0.87 0.21 0.3n 1.02 03z 0I5 ~ MDA I
15 0,24 Q.16 i ffi ~ D 175 0.26 0.14 048 w MDA .87 < MDA 70 - MDA &4 -2 MDA 126
WL-203 0 1.95 0.63 0.0 1.46 1.06 143 3.03 0.88 “is 1.07 0.24 h.38 1.09 028 nx 1 - MD3 07 =MD 1os
5 .95 0.38 i - DA .48 0.8 027 n.f 0.94 0.22 0.33 (.85 0.28 N3 - MD3 3¢ 2.08 §.31 1.9y
15 0.60 027 i - MDA 1.86 0.4] 0.18 (X .53 0.2t 33 < MDA 47 0.43 (.25 033 <MD 22
WL-204 5 .77 0.33 0¥ - D 1.03 0.77 0.26 [ 1.06 0.22 6.34 1.03 0.25 o024 -+ MDA 0 bé = MDA 162
25 0.36 0.2 v < MDA 104 0.43 0.19 08 0.77 0.20 i} 36 (.86 0.20 (L] 0.88 0.38 .36 < MDA 12
WiL-2035 S 1.76 0.5 609 1.48 0.81 092 0.50 0.28 [y 0.95 0,22 0,26 1.06 0.23 026 ~ MO 62 - MDA 134
15 0.95 0.34 i 1.76 .18 152 1.0 .25 0.90 0.26 0.34 0.94 .32 {130 < MDA 65 = MDA ra
WL206 0 147 1.04 0.6 < A 2.53 129 135 nz 17.2 1.2 04 15.0 1.2 nd4 17.4 1.5 0.4 19.6 7.1 34
5 I.¢7 0.27 0.06 < MDA 101 7.51 1.54 23 1.20 0.37 057 1.36 .45 57 0.88 0.65 37 < MDA 0.7
10 0.6 0.17 g 1.83 0.79 {04 1.66 0.51 0.27 0.72 0.18 .28 0.61 .21 032 (.82 .30 028 2 MDA 128

All values expressed as picoCuries per gram (pCi‘g). unless otherwise noted.

* = Nuclear Regulaiony Commission’s Branch Technical Position (BTP) criteria for thorium-230 and radium-226. which are established a1 levels of background plus 5 pCi/g for surtace samples and background
plus 15 pCi‘g for subsurface samples (15 ¢m depth}, have been selected as reference values tor comparison of all soil ananlytical data. Although this criteria is appropriate specifically for these two radionuclides.
thev are conservative values for comparison ot all data. 1F no background concentraiion is esiablished for a specific radionuclide. then a reference value of 5 pCifg for surface samples and 15 pCi.g for subsurface

samples have been conservatively selected for comparison of the data.

- = Nol reponed
DUP {F) = Field duplicaie
DUP (L) = Laboratony duplicae

MDA = Minimum Detectable Activity

NE = Not Established
NA = Not available.

Boided numbers indicate result reported above the nunimum detectable activity (MDA),
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Table B - 8 : Ford Property Soil Analytical Results - U-235 Decay Series

Boring Depth Uranium-235/236 Protactinium-231 Actininm-227 Radium-223
. (feet) Result |+/-Sigmal MDA | Result [+/-Sigma] MDA | Result [+/-Sigma] MDA | Result |+~ Sigma] MDA
Site Specific Background(Mean+2 Std Dev) 1.15 NE NE NE
Reference Level Concentration *
Surface Samples 6.15 S 5 5
Subsurface Samples 16.15 15 15 15
FP1 0-3 0.25 0.15 0.08 Hnos 6. f 6.1 -2t 281 3.2 132
FP1 (-3 0.25 0.15 0.07 a0 <81 & S22 12 43 45
FP112-24 2 0.13 0.07 ios 6,26 6.26 138 138 2.8 208
EFP2 0-3 0.23 014 0.08 0t w877 875 -~ 1.69 169 AU 403
FP2 12-24 2 0.26 .11 i (18 <8 86 886 196 {96 376 176
FP3 (-3 0.25 0.063 0.05] a.057 2834 8.3+ 223 223 Ty 181
FP3 12-24 2 0.38 0.13 0.03 <424 424 95 093 w242 247
FP4 0-3 0.25 0.11 0.07 0.06 <6.8 6.8 A 148 1384 1%
FP412.24 2 0.095 0.064 n.06! ~8.97 8.97 S22 224 2484 L84
FP3 (-3 0.25 0.062 0.047 i3 <352 32l <139 13y =718 718
FP512-24 2 0.22 .13 i 09 <737 e |93 195 <4.66 466
FP6 0-3 0.25 0.07 0.u6 0 <6.66 6.66 -~ 52 132 <342 342
FP6 12.24 2 0.093 0.061 an2s <547 587 <t 36 136 <325 125
FP7 0-3 0.25 0.15 0.1 0.04 <708 708 w142 142 322 [EE:
FP712-24 2 0.05 0.08 014 <6.;7 677 2 E] I <398 398
FP8 0-3 0.25 011 0.09 0.08 <6.96 6.96 <433 133 < 3.96 396
FP81-2 2 0.07 0.18 .32 <8.08 808 <137 137 <049 049
WL-201 5 < DA 0.17 022 < MDd 4l <MD 82 ERY 1443
15 < DA 0.079 .13 < MDA 4.09 - ML .83 < MDA 1287
. WL-202 5 < MDA 0.076 01 < MDA 828 2 MDA 164 < ADA 224!
3 DUP (L) 0.16 0.16 016 < MDA 347 - MDA .59 < MDA 1226
15 < MDA 0.003 012 < MDA 754 - MDA I < MDA 2104
WL-203 0 0.31 0.25 02" < MDA 476 < MDA 085 < MDA 1879
5 0.18 0.17 013 < MDA 19 - A P4 < MDA 1422
15 < MDA 0.1 016 < MDA 4,99 < M 0.85 < MDA 1376
WL-204 5 0.22 0.18 043 < MDA 381 = MDA 073 < MD4 1167
25 < MDA 0.06 11 < MDA 3.51 < MDA N 69 < DA 134
WL-205 3 0.15 0.14 013 < MDA 3196 - WD 767 < MDd 1014
15 0.18 0.15 e < AfDA 3.06 < D 093 < VDA 13.34
WL-206 0 < MDY 022 0 7.93 3.58 nr2 6.15 117 It 6.73 403
0 DUP (L) - - - - - 8.7 6,90
3 0.19 0.1 2.06 < MDA 8.27 < Mg 1.75 < MDA 1
14] < MDA 0.05 0064 < MD:t 12 S MDA 067 < WA 34

All values expressed as picoCuries per gram (pCi/g). unless otherwise noted,

* = Nuclear Regulatory Commission's Branch Technical Position (BTP) criteria for thorium-230 and radium-226. which are established at tevels of background plus 3 pCi/y for surface samples and background
plus i3 pCi/g for subsurface samples (15 cm depth). have been selected as reference values tor comparison of all soil ananlviical data. Although this criteria is appropriate specifically for these two radionuclides,
they are conservative values [or comparison of all data. If ne background concentration is established for a specific radionuclide. then a reference value of 3 pCidg for surface samples and 15 pCi/g for subsurface
samples have been conservatively selected for comparison of the data.

-- = Not reponted

DUP {F) = Field duplicate

DUP {L} = Laboratory duplicate

MDA = Minimum Detectable Activiey

NIz = Not Established

NA = Nol available,

Bolded numbers indicate reselt reported above the minimum detectable activity (MDA
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Table B -9 : Ford Property Soil Analytical Results - Thorium-232 Decay Series

Boring Depth Thorium-232 Radium-228 : Thorium-228 Lead-212 Bismuth-212 Thallium-208
(feet) Result |+/- Sigma| MDA Result | +/- Sigma| MDA Result | +/- Sigma| MDA Result |+/- Sigma| MDA Result [ +/- Sigma| MDA Result | +/- Sigma| MDA
Site Specific Background(Mean+2 Std Dev) 1.55 2.37 1.33 2.26 NE 0.71
Reference Level Concentration
Surface Samples 6.55 7.37 6.33 7.26 5 5.71
Subsurface Samples 16.55 17.37 16.33 17.26 15 15.71
FP1 0-3 0.25 1.1 0.38 f.22 213 243 LIS 0.39 o2 0,97 097 i 6y 169 TRT 03t
FP10-3 0.25 1.06 0.27 a3 2.06 2.06 1.22 0.3 .08 0.92 0.42 HAT +3.36 336 SURE | 33
FPI 12-24 2 0.84 023 .05 =229 229 0.93 0.25 .09 0.8 0.38 36 SRR 382 it § i3
FP20-3 0.25 1.08 0.29 f.14 <285 2485 12 0.31 .09 1.24 0.53 44 67 a7H )62 o2
FPY 12-24 2 1.13 0.29 i} 264 2.61 1.17 0.3 18 1.41 0.5 it 662 662 <1 5 o359
FP3 Q-3 0.23 0.8% 0.23 ! =203 2.05 0.9 0.24 .08 1.13 043 043 4143 413 <057 044
FP3 12.24 2 0.91 0.24 LA .66 1.66 0.78 022 At 0.88 0.28 02y M +24 0.44 0.19 0
FP4 0-3 0.25 1.16 0.3 .06 < 2,60 26 1.53 0.37 042 1.15 0.68 7EN w4 36 436 <4161 it
FP412-24 2 1.28 0.32 003 <473 171 1.42 0.35 aid 1.23 0.6 135 ~EAE T < 38 13N
FP5 0-3 0.25 1.38 0.34 .08 <194 094 146 0.36 N2 1.14 0.35 028 296 296 0.46 0.2 48
FP5 12-24 2 1.2 0.3 N2 <1.95 1.96 1.25 0.31 02 0.93 0.36 .36 BB 6.68 ~0 48 14N
FP6 (-3 0.25 0.95 0.24 .06 <1356 .36 0.97 0.25 o 1.26 0.37 037 <874 6.74 <048 048
FP6 12-24 2 1.2 0.28 0.03 <1 g5 1.95 0.91 0.23 .05 ~ .76 076 65 119 6 09 <049 04y
FP7 0-3 0.25 1.14 0.27 .03 < {78 178 1.08 0.26 109 1.59 0.38 32 3 354 =839 039
FP712.24 2 0.1 0.23 .03 <213 213 1.18 0.27 n.nz <0.72 .72 604 6.19 <032 752
FP8 0-3 0.25 1.57 0.33 09 <168 163 1.37 0.31 N0y 0.98 04 0.46 w367 567 “<A.57 TR
FPg 1-2 2 1.29 0.29 nH6" «2 92 202 1.37 0.3 0.4 1.86 0.51 41 " T8 784 =0 56 h 506
WL-201 3 0.32 015 0.3 < MDA 113 0.24 0.14 043 1.04 0.2 021 -2 M 162 0.31 0.14 i 49
15 .28 0.15 08 2 MDA 073 0.43 0.19 0.1 .49 0.2 09 < M 137 0.21 0.1 06
WL-202 5 0.44 0.20 o9 < AtDA 159 0.75 0.28 016 0.97 0.16 0.76 . MDA 2.86 0.42 0.25 136
5 DUP (L) 0.3% 0.17 0.08 < MDA 114 0.17 0.1 014 0.97 NA 0.i6 < MDA 147 < AP 0.14 014
15 0.16 011 .08 < MDA 1R 0.31 0.16 14 0.96 (.39 033 - MDY 277 - MDA NA 0,39
WL-203 0 0.43 0.24 [ < MDA 128 0.75 0.34 N2t 1.17 0.23 0.26 “ A4 207 0.58 0.19 t2
5 .14 0.1 006 < MDA 099 0.32 0.16 ni8 1.04 0.25 028 DA ! 68 0.20 0.13 ni-
15 0.23 0.13 .08 < MDA 098 0.28 0.15 013 0.52 0.3 5,20 - MDA 162 « MDA o 20
WL-204 5 0.47 0.2 066 0,99 0.45 i).56 0.55 0.22 04 0.85 0.27 24 = MDA ! 39 0.28 0.16 06
25 0.32 0.16 007 0.85 0.36 6.72 0.21 0.14 718 0.78 0.17 0.8 = MDA A 0.22 0.13 013
WL-205 3 0.66 0.25 o8 MDA 19 047 0.2 013 0.90 0.21 022 | MDA 156 0.30 0.14 i
15 0.95 0.38 nis < MDA A 0.70 0.33 0.29 0.89 0.22 0y - MDA 1.80 < MDA a8
WL206 0 11.2 4.4 6 < MDA i 2! 1.01 0.89 .63 1.09 0.3 0.30 A 244 0.34 0.23 8.3
5 112 0.4 nis = MDA .38 0.91 0.37 n28 0.76 0.40 041 - Mg 292 < MDA [TEN
10 0.82 0.33 N6 « MDA .96 1.06 0.4 028 1.00 0.18 .16 1.02 0.85 no: 0.40 0.17 013

All values expressed as picoCuries per gram (pCi/g). unless otherwise noted.

* = Nuclear Regulatory Commission's Branch Technical Position (BTP) ¢riteria for thorium-230 and radium-226. which are established at levels of background plus 3 pCifg for surface samples and background
plus 15 pCi/g for subsurface samples (15 cm depth). have been selected as reference values for comparison of all soil ananlvtical data. Although this criteria is appropriate specifically for these two radionuclides.
they are 